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Chemistry. — “The Electromotive Behaviour of Aluminium”. 1.'). 
By Prof. A. Smirs and G. J. De Gruister. (Communicated by 
Prof. P. Zeeman). 


(Communicated at the meeting of Nov. 27, 1920). 


With a view to obtaining a better insight into the eleetromotive 
behaviour of aluminium and its alloys with mereury, the melting- 
point diagram was first determined. It was found that, as follows 
from the subjoined T,X-figure 1, no compound occurs in the system 
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HAg-Al, and that the melting-point line of aluminium consists- of two 
branches, in eonsequence of the occurrence of a transition point 
Iying at about 585°. 

The determination of the melting-point diagram served by way 
of orientation, and now that no compound appeared to exist, it was 
certain that the EX-tigure corresponding to the ordinary temperature, 
must belong to’ the type I or II in Fig. 2. 


Sa > L 
a a 5 L 
E 
b b 
ie Er: EV Vi 
Type 1. Fig. 2. Type 2. 


Assuming, as has been done before, that GıBBs’s paradox is also 
applicable to the components of a mixed crystal phase present in 
diluted state, the formula '): 


DOESE EL, 


— log 
»F "(M}) 
was found for the exp. electrie potential. 

This formula already shows that when we first determine the 
potential of Aluminium immersed in a non-aqueous solution of an 
Al-salt, and then in an equivalent solution of an Al-salt + a Hg-salt, 
the direction of the potential change will depend on which quantity 
has decreased more, Lu or (Mr) ?). 

If (Alz;) has decreased more, the potential will be more negative, 
if on the other hand (Lyı) has decereased more, the potential will 
have become less negative. 

It is evident that it is also possible to follow the opposite course; 


098, 


I) These Proc. XXI, N’. 4, p. 562. 
2) Lm is now not a constant quantity, but decreases wilh greater mercury 


content. 
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electrodes with different quantities of mercury may be made before- 
hand, and then they may be immersed in a non-aqueous solution 
of an aluminium salt, to determine the electric potential. 

Without entering here further into the method of experimenting, 
we will state already now that the coexisting eleetrolyte is always 
relatively ‚sicher in aluminium than the mixed crystal, so that it 
could be deduced with certainty from this that the E,X-figure of 
the system Al-Hg belongs to the second type. 

But what is remarkable is that though in virtue of the concen- 
tration of the coexisting phases it would be expected that the potential 
of the Aluminium in an Al-salt solution becomes less negative on 
addition of a little of a mercury salt, just the reverse takes place, 
and even to a very considerable degree. 

This exceedingly remarkable phenomenon shows that, as was 
already pre-supposed before, the mercury dissolved in aluminium is 
a catalyst for the internal conversions in the alumininm. The metal 
magnesinm, which is being examined by Mr. Beck, behaves in an 
analogous way, but the effects are less. 

In a following communication we shall enter more deeply into 
the interesting phenomenon mentioned here. 


Laboratory for General and Inorganie 
Chemistry of the University. 
Amsterdam, June 1920. 


Chemistry. — “The Existence of Hydrates in Aqueous Solutions”. 
By Prof. A. Smets, L. v. D. LanDe, and P. Bouman. (Communi- 
cated by Pröf. P. Zekman). 


(Communicated at the meeting of December 18, 1920). 


Since the research “On Retrogressive Melting-Point Lines” '), in 
which an indirect proof was given for the presence of hydrated 
Na,SO, molecules in the aqueous solution, attemps have now and 
then be made to find other methods, which might be able to give 
an answer to the question whether formation of hydrates takes place 
in the aqueous solution, also in cases of melting-point lines with 
normal courses. 


30 


25 


[2 
=} 


TUWD IN MINUTEN. 


H06 70 20 30. 4 0 70 
GRAMM FE&,CLg Pr 100 GR OPL. —FEcı 
Fig. 1. 


1) Smırs, These Proc. Vol. 14 p. 170 (1911). 
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Thus at constant temperature different properties of aqueous 
solutions of hydrate-forming substances, as e.g. spec. gravity, surface 
tension, refraction ete. were studied as funetion ofthe econcentration, 
in which ceurves were obtained, which on the whole taught little or 
nothing of importanee. Also the determination of the viscosity for 
a few systems yielded at first but inconclusive results; in the con- 
vietion, however, that nevertheless this method promised most on 
the whole for the end we had in view, the investigation was Con- 
tinued with the favourable result that in a few cases curves were 
obtained which very convineingly pleaded for the existence of 
-hydrates in the aqueous solutions. 

The system H,O—FeCl, was chosen, of which part ofthe melting- 
point. figure, as it was studied by Bakntıs RoozEBooM, has been 
reproduced in Fig. 1. 

The plan was to carry out the experiment at tlıe temperature of 
40°, because then, passing very close over the top of the compound 


conc. in weight 0), FeyClg | (Times of outflow in minutes). 
0 | 1.70 
33.50 | 6.15 
39.58 | 8.70 
46.13 | 12.50 
50.19 | 16.45 
52.57 | 18.05 
55.39 19.32 
57.45 18.66 
58.69 17.92 
60.18 17.50 
62.44 16.90 
65.09 16.95 
66.84 17.50 
68.45 18.60 
71.06 21.73 
12.88 24.63 
Lest 28.17 

74.12 31.80 (This solution is 


supersaturate). 
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Fe,Ci, 12 aq. (melting point 37°), and over that of FeCl, 7 aq. (melting- 
peint 32.5°) there is the greatest chance that in this neighbourlood 
the homogeneous solution will contain considerable hydrate concen- 
trations. For at higher temperatures the hydrates will dissociate 
more strongly as a rule, hence their concentrations will decrease. 

The times of outflow found at 40° are recorded in the table of 
the preceding page. | 

When these results are graphically represented, as has been done 
in Fig.1, we get a curve of viscosity exhibiting a very pronounced 
maximum and minimum, Iying on the left and the right of the 
eoncentration of the hydrate with 12 aq. 

This peeuliar sbape of the viscosity eurve must in my opinion 
be interpreted in the following way. 

When no hydrates were formed in the solution, the viscosity of 
the solution with the Fe,Cl,-econcentration would increase in an 
ever greater degree, and in the end very high values would occur, 
beeause the viscosity of supercooled liquid Fe,Cl, at 40° will be 
exceedingly great. 

At 5 a decrease of the viscosity is now found here, which in my 
opinion must be ascribed to the increasing Iıydrate concentration. 
When only the hydrate Fe,Cl, 12 ag conld exist in solution, it was 
to be expected that the minimum would lie near the concentration 
of this hydrate. 

At 40°, however, we pass not oniy over the top of the melting- 
point line of Fe,Cl, 12 H,O, but also, though not at such a small 
distance, over that of the melting point line of Fe,Cl, 7 H,O. 

At the descent from 5 to c an appreciable increase of the con- 
centration of the hydrate with 7 H,O will, therefore, also take place, 
and when this gives also rise to a decrease in viscosity, the result 
will be that the viscosity eurve, which must finally ascend again in 
eonsequence of tlıe increase of the Fe,Cl, concentration, presents a 
minimum, Iying on the righthand side of the concentration of the 
hydrate with 12 ag. 

After this result had been obtained, and the plan had been formed 
to examine also the systeın HO,—SO,, because this seemed to be 
partieularly suitable for this purpose, it appeared that KxnıEtsch '), 
who studied this system from different points of view, also gives a 
viscosity line which presents a close resemblance with the curve 
discussed above and of which up to now no notice had been 


taken. 


1) Ber. 34, 4102 (1901). 
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This eireumstance brought, however, no change in our plan, 
as it was our purpose to study the influence of the temperature 
on the shape of the curve of viscosity in the system H,0—SO,. 

It is seen from the subjoined 7’—-X figure of the system H,0—SO,, 
which is not yet quite completed, that at 15° the tops of the compounds 


H,SO,.H,O and H,SO, are passed at temperature distances of 6.47°, 
resp. 4.65°, 
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The compounds H,SO, . 2 H,O and H,SO, 
also passed, but the meltin 
below 15° (—38.9° resp. 


. 4 H,O are, indeed, 
g-points of these compounds lie so far 
— 25°) that it is not to be expected that the 
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curve of viseosity will still give any information about these hydrates 
atı15°, 

Also with a view to this the concentrations were examined between 
-61 and 83 weight °/, SO,. 

The investigation was carried out at three different temperatures, 
viz. 15°, 40°, and-60° with"the following result: 


weight 0/o Time of outflow Time of outflow Time of outflow 
SO; at 15° at 40° | at 60° 
88,84 | 5 min. 27'/, sec. 2 min. 21'/, sec. | l min. 204], sec. 
82,13 Be lern. 180 
81,72 A 
81,55 1 A en Noyer ls, 
81,42 Bars 56, 
80,53 ee 28 a TA Re 
77,55 ES arale I 
76,27 er Ye » 
75,12 A IE; I m 
715,33 47, By 
75,19 4. 145 „ 
15,03 Ne 9 Dr, u lo 
73,96 ee ee u 
12,69 I alien 1, 1005, 
72,08 4 „ 42, „ 
69,72 A a LER I» 105 „ 
69,60 ee 
64,78 a ee I, 25 m 
63,76 Beer 2r, 
63,28 ar er 59/5 


Fig. 3 represents these results graphically. It shows that the curve 
of viscosity at 15° really has the same shape as that of the system 
H,0—Fe,Cl, at 40°. The curves found at 40° and 60° show further 
that the peculiar character of the shape of the curve of viscosity 
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t higher temperature, whieh can 


becomes less and less pronounced a 
dissoeiation of the hydrates on 


be aecounted for by the inereasing 
increase of temperature. 
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Laboratory of General and Inorganic 
Chemistry of the Unwer. ty. 
Amsterdam, December 1920. E- a 


Chemistry. — “The Electromotive Behaviour of Magnesium”. 1. 
By Prof. A. Suirs and R. Pr. Beck. (Communicated by Prof. 
P. ZEEMAN.) 


(Communicated at the meeting of Dec. 18, 1920). 


As was stated before magnesium elosely resembles aluminium in 
its electromotive behaviour. Also the pure magnesium is as a rule 
a state disturbed in a noble direction, which reaches internal equi- 
librium by the absorption of small quantities of mercury; but in 
this case with magnesium these phenomena are weaker than with 
aluminium. 

Our purpose was to examine the electromotive behaviour of mix- 
tures of magnesium and mercury of different concentration in order 
to be able to set forth still more clearly the particular influence of 
small quantities of mercury. 

Before proceeding to this research, it was desirable to determine 
the melting-point diagram of the system Mg —Hg, which investigation 
was attended with several diffieulties, which we will, however, not 
discuss here. The result to which this research led, is represented 
in the adjoined 7,X-figure. It must be pointed out here that this 
system had already been examined on the Hg-side by L. Camsı and 
G. Spkrox1'), but that this research had been discontinued at the 
very point where the diffieulties set in, and the system becomes 
most interesting. 

We see from our diagram, which represents the situation of the 
melting-point lines under the varying vapour pressure, that the 
system Mg—Hg is very complicated, and contains several compounds. 

In order to ascertain what corrections must be applied in the 
concentration, in connection with the mereury in the vapour phase, 
the determination of the vapour tension of the different mixtures 
was undertaken, in which use was made of a glass spring indicator. 
This investigation, which is now being continued with the mixtures 
rich in mercury, however, yielded the result that for mixtures from 
0 to 50 at. °/, Hg the vapour tensions are very small, even up to 
the final temperatures of fusion. 


1) Atti della R. Accad. dei Lincei 24, 734 (1915). 
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After the T,X-diagram found had given something of a general 
insight, the investigation of the electromotive behaviour of Mg—Hg- 
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mixtures was started, the results of which will be communicated 
in a following publication. 


Laboratory of General and Inorganic 


Chemistry of the University. 
Amsterdam, December 13 1920. 
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Chemistry. — “A Thermo-electrical Differential Method for the 
Determination of Transition Points of Metals at Comparatively 
Low Temperatures’. By Prof. A. Smırs and J. Spuyman. 
(Communicated by Prof. P. Zruman). 


(Communicated at the meeting of December 18, 1920). 


This paper should be considered as a continuation of the publi- 
cation “The Thermo-electrical Determination of Transition Points 1” '). 
In the latter paper it was already stated that the very favourable 
results obtained by us on application of the thermo-electrical method 
in the investigation of the combination, iron-tin, and copper-tin, 
induced us to examine also other important metals in the same way, 
starting with copper. Our purpose was to examine in the first place 
whether copper shows a point of transition. in the neighbourhood 
of 70°. The arrangement which we used at first for this purpose is 
represented in outline in the subjoined figure. 


Cul As Cul Cu 


u 


Fig. 1. 


The combination pure silver-pure copper (Cu 1), of which the 
copper wire is passed through a glass capillary, was placed in a 
wider tube d, filled with an electrolyte, with which silver and copper 
were in eleetromotive equilibrium. For this purpose we took a 
solution of copper-sulphate, because tbe electrolyte, which is in 


1) These Proc. Vol. XXIII, 5, p. 687. 
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eleetromotive equilibrium with copper and silver, contains but 
exceedingly little silver. 

As was shown before‘) there then exists between the copper and the 
silver wire still a potential difference equal to the Volta-effect. Now 
the tube 5 was placed in a thermostat a and. the two soldering 
places Ag—Cull and Cu I—Cu II in melting ice. After tlıe thermostat 
had been kept constant at a definite temperature for some time, the 
eleetromotive force of the eircnit was measured. This measurement, 
ranging over a temperature interval of from 40°—80°, gave no 
indieations of a diseontinuity in the neighbourhood of 60°, after 
‘which it was resolved to apply a more accurate measurement, 
which we found in a method, which we shall call the differential 
method. The arrangement of this differential method is given in 
outline below in Fig. 2. 


CulD Cul As Cul Cuu 


a 
Fig. 2. 


The two extremities of the silver wire, which are soldered to 
wires of pure copper, are now Öoth in the thermostat a, but the 
capillary 5 is filled with a solution of copper sulphate, and c 
contains anhydrous paraffin oil. Both solutions are under a nitrogen 
atmosphere ?). 

The consideration that led to this arrangement, is as follows. So 
long as no transition point is reached on change of temperature, 
the eleetromotive force of the eireuit will be very small, hence it 
will change but exceedingly little with the temperature R the ther- 
mostat; but when a transition temperature of silver or copper is 
passed, it is probable- that the thread of the differential thermoele- 
ment, which is in electromotive equilibrium with the electrolyte, is 


I) These Proe. Vol. XX1, 3, p. 386. 


8 it 
! ) In reality the tubes d and c, which contain the metal wires immersed in a 
iquid, have been first exhausted of air, then filled with nitrogen 
’ 


fused to. and finally 
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sooner transformed than the thread of the same combination which 
is immersed in paraffin oil'). 

If this is actually the case, the electromotive force of the differ- 
ential tbermo-element will undergo a rather sudden change, and the 
initial point of this change will correspond with the transition point 
of one of the metals of the element. On application of this simple 
and very sensitive differential method it was found that the electro- 
motive force was practically zero throughout the temperature range 
that we examined, for it was less than 0,001 milli Volt. We did 
not consider the investigation as finished then, and we once more 
examined the same differential thermo-element Cu—Ag—Cu, taking 
care that one pair of wires was not only immersed in a solution 
of CuSO,, but in such a way that the etched copper wire, the 
soldering place, and a small piece of the silver wire were in contact 
with powdery copper. 

This procedure in our experiment, however, did not bring about 
the slightest change in the results, for now too the electromotive 
force of the circuit between 40° and 80° remained certainly smaller 
than 0,001 milli-Volt. 

We will still mention here that the times of observation have 
been taken very long here on purpose, and amount to 2 X 24 hours. 
Notwithstanding this prolonged heating at temperatures above and 
below tlıose at which dilatometrically indications were found for a 
transition point, the electromotive force of the differential thermo- 
element appeared to be smaller than 0,001 milli-Volt. In the first 
place this result shows that both the silver wire and the copper 
wire were very homogeneous, and in the second place that neither 
the silver wire nor the etched copper wire, though they were in 
eontact with a solution of CuSO, and with fine copper powder over 
a length of 20 cm., showed appreciable transformation. 

The differential method discussed here is now being applied to 
the other important metals. In the following paper also the theory 
will be discussed. 

Laboratory of General and Inorganie 
| Chemistry of the Unwersity. 
Amsterdam, December 13, 1920. 


1) For CoHEn found that contact with an electrolyte has an accelerating effect 
on the transformation of one metal modification. into another. This accelerating 
action must probably be ascribed to this, that when the stable modification has 
appeared only in one point, this gives rise to local currents, which greatly promote 
the transformation. 


Physics. — “Discontinuities in the Magnetisation” Il. By Dr. Barrn. 
van Der Por Jr. (Communicated by Prof. H. A. LorEnTz). 


(Communicated at the meeting of Nov. 27, 1920). 


In a previous paper!) under the same title, some preliminary 
experiments were described about the discontinuities in the magnetic 
induetion which oceur under certain eircumstances in ferro magnetic 
bodies, when the magnetie force is varied quite continuously. The 
simplest metlod to observe these discontinuities is to connect a 
coil surrounding the ferromagnetie substance to be investigated to 
a telephone receiver (through a triode amplifier or even without one) 
in which the discontinuities in the induction can be observed, ifone 
brings a permanent magnet slowly near the coil. In our previous 
paper the attention has already been called to the fact that these 
discontinuities can also be made visible galvanometrically and that 
the phenomenon is especially conspieuous with nickelsteel. 

Some further investigations on these discontinuities form the 
contents of the present paper. 

In order to determine on which part of a magnetic cycle the 
discontinuities occur, some hysteresis curves were obtained by means 
of an improvised magnetometer. Figure 1 relates to the above 
mentioned nickelsteel which has the same thermal expansion coeffieient 
as glass. The cylindrical wire used has a diameter of 1.98 millimetres 


Fig. 1. 


- )) These Proceedings Vol. XXIII, NO. 4, page 637 (1920). 
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and is 343 millimetres long. Figure 2 shows the hysteresis curve of 
a soft iron wire (diametre 1.82% millimetres, length 349 millimetres). 


1000 
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Fig. 2. 


Iu order to obtain (for the determination of the part where the 
discontinuities occur) a very gradual increase of the magnetising 
eurrent, two copper plates in series with the magnetising solenoid 
were placed next to each other in a glass jar. With the aid of a 
siphon arrangement this jar was gradually filled with a copper- 
sulphate solution, which caused a decrease of the resistance and a 
rather continuous increase of the. current through it. After the Ni Fe 
or Fe wire was put in the magnetising solenoid together with a 
second induction solenoid elosely surrounding the wire, we determined 
with the aid of a telephone connected to the induction solenoid 
through a three stage triode amplifier, the point on the hysteresis 
curve where the discontinuities for the first time occur and the spot 
where they disappear again. 

It appeared that the discontinuities in the magnetie induction only 
occur on the steep parts of the hysteresis curves, viz. in figure 1 
and 2 on the parts A—B and C—D. The part from saturation to 
where 4=0, and where therefore only the remanent magnetisation 
is left, is, at any rate as far as can be observed, quite continuous. 
However, as soon as H changes its sign and therefore the existing 
magnetisation is reduced, the discontinuities begin to occur. They 
are further audible over a certain distance, which however does not 
reach quite to saturation. The rustling noise in the telephones, as 

64 
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soon as it appears for the first time at A and C (hg. 1) or D (fig. 
2) is still very weak at these points. Thereupon its intensity increases 
and at B and D it gradually disappears agaın. Re 
The eleetrolytie eurrent control mentioned above, iS not sufficiently 
eontinuous for galvanometric observalions. By using the following 
method, however, we could obtain a very eontinuous current varıaflon, 
though the total magnitude of it was limited. 5 
The magnetising coil M [fig. 3] is put in series with a precision 


VVHUVUOV 
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ammeter A, rheostat R,, key S, commutator G, and battery Ä. 
Moreover M is shunted by the variable resistance R,, while S is 
put in parallel to a platinum wire. D77, the latter being placed in a 
glass tube. This tube has two connections. The one at D goes througlı 
the tap F to a Gaedepump the other at A to a long capillary glass 
tube. After S is closed, we can, by variation of /, and R,, and 
with the aid of the commutator @ submit the ferromagnetie wire 
U a few times to a complete magnetie cycle. For the sake of 
clearness the wire (/ has been drawn in fig. 3 outside the coil M, 
though actually of course its place is inside. Thereupon, after the 
pump has been working for some time, the current through M is 
made zero and the key S is opened. With the aid of the resistances 
the platinum wire DA is brought to a dull red heat and the magne- 
tising current is brought to a value which brings the ferro magnetic 
substance on the steep part of the hysteresis eurve. After the tap 
has been closed, the pressure of the air in DA slowly increases; 
due to the leakage through the capillary tube, the platinum wire 
gets colder, and the magnetising current through M increases very 


Fig. 3. 
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eontinuously. By using this arrangement the magnetising current 
could in one minute very gradually be increased e,g. from 0.200 
Amp. to 0.230 Amp. 

The discontinwities which oceur in the magnetie induction in the 
NiFe wire, the magnetic field being controlled by the thermal 
method, are shown in fig. 4, which givestwo photographie reproduetions 
on the same plate of the deflection of an ordinary Sırmens and HALsKkE 
moving coil galvanometer. This galvanometer was connected (without 
series resistance or triode amplifier) to a long secondary coil of 
16500 turns (566 Ohm), whieh narrowly surrounded the NiFe wire 
over its total length. In 6 seconds the field increased from 6.0 to 
6.2 Gauss, it having been brought before a few times alternately 
to = 36 Gauss. As the galvanometer was very damped, we can 
consider the curves of fig. 4 to approximately represent a small 
part of the hysteresis curve. (See appendix). The discontinuities in 
the induction are very well visible; the upper curve e.g. shows 6 
sudden increases of the 2. 

Obviously the biggest discontinuities only are registered by a 
moving coil galvanometer. However, the phenomenon can be followed 
more in detail by using an EıntHoven string galvanometer. Various 
photograms direetly on bromide paper were obtained by using the 
latter galvanometer, the bromide paper having been mounted on a 
revolving cylinder, every point of which described a screw curve 
with a pitch of 1 centimetre. 

Figures 5 and 6 are parts of larger photograms. Figure 5 is 
obtained witb the above mentioned nickelsteel wire and figure 6 
with a soft iron wire. In both cases the 566 ohm induction solenoid 
surrounded the ferromagneticum over its total length, and in both 
cases the sensitivity of the galvanometer was the same, viz. such, 
that a defleetion of 1,0 centimetre (the distances between the sub- 
sequent pitches) corresponds to 0,18.10-% Amp. The width of either 
photogram corresponds to one second. The photos were taken after 
(in both cases) the material was brought on the steep part of the 
hysteresis curve, where the discontinuities are most frequent. The 
eontinuous increase of the field was obtained with the thermal eurrent 
control of fig. 3 such, that the field, when using nickelsteel, increased 
in 37 seconds from 6.0 to 6.7 Gauss and, when using iron, in 60 
seconds from 4,8 to 5,5 Gauss. In the photograms the time runs 
from left to right aud the bottom part was described first. The time 
in which the string reaches its new equilibrium position when a 
constant eurrent is made and broken, is shown at the botlom of 


the photograms. 
64* 
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The eonsiderable difference between the diseontinuities in the iron 
and niekelsteel is very well marked in these figures. When using 
nickelsteel the clapses are much stronger; (he photograms therefore 
confirm the observations made before with triode amplifier and 
telephone. Apart from giving the intensity, the photograms also enable 
us to count approximately the number of discontinuities. 

Thus for nickelsteel 1554 clapses were found for a change of 
field from 6.0 to 6.7 Gauss, and for iron 1546 clapses for a change 
of field from 4.8 to 5.5 Gauss. Moreover the region on the hyste- 
resis curve where the discontinuities occur (see fig. 1 and 2) being 
known, as well as the fact that Ihe number of clapses at A and C 
in the figures mentioned does not reach its maximum value at 
once, we can approximately estimate the number of elapses during 
a complete reversal of the magnesitation. Thus we found: 

for nickelsteel ‚wire (dia. 1.98 mm., length 343 mm.) 5000 clapses, 
soft iron wire (dia. 1,82 mm., length 349 mm.) 6500 clapses. 

We did not examine more in detail the dependency of the number 
of discontinuities upon the diameter and the length of the ferro- 
magnetic wire. One should be inclined to expeet this number to be 
proportional to the volume or, if long iron filaments are magnetised 
as a whole, to the diameter; but on the other hand eddy ceurrents 
will oceur in the outer layers, if an ironcrystal in the inner part 
is suddenly remagnetised, which eddy currents may be expected to 
reduce the suddenness of the currents in the induction solenoid, and 
also the rustling noise in the telephone receiver. Very likely, owing 
to these eddy currents, jumps Of most different values appear on the 
photograms, though possibly one definite intensity of magnetic moment 
of the erystal is prevalent. 

Finally, the assumption that, under certain eircumstances, the mag- 
netic moments of long filaments suddenly change as a whole (see 
l.e.) was found eonfirmed by tle following experiment. 

The nickelsteel wire was brought into the magnetising solenoid, 
and the current was controlled thermally in the way described 
above. The nickelsteel core was surrounded by two small flat coils 
of 3 mm. axial length, on either of these coils 2600 turns of ena- 
melled copper wire of 0,05 mm. had been wound (the inner dia- 
meter of the coil being 3,4 mm., the outer one 13.0 mm.). The 
distance between the two coils eould be given any arbitrary value. 
Either coil was connected to one of two identical moving coil 
galvanometers. Both the galvanometer spots had the form of a line 


inelined at 45° to the horizon. They were projected on the same 
scale and formed together a cross. [X] Pi: 
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When now the coils were put immediately near each other, the 
'Jumps in the galvanometer deflections occurred simultaneöusly, and 
the galvanometer spots, in the form of a cross, moved as a whole. 
With distances between the coils bigger than 10 em., the average 
deflections of the galvanometer were the same, but the jumps were 
quite incoherent. However, even up to a distance between the coils 
of 7 centimeters, the bigger jumps occurred quite simultaneously, 
which shows, that in the nickelsteel used, crystals exist, or at any 
rate groups of crystals, which have to be considered as a magnetic 
unity, having a length of 7 cm. Possibly these long cerystals are 
formed during the drawing process to which the wire is submitted 
while being manufactured. An effort also to submit annealed or 
electrolytic iron to this test did not succeed, as the discontinuities 
in iron are too small to be detected with a moving coil galvano- 
meter (a double-string galvanometer was not at our disposal). 


Appendix. Interpretation of the galvanometer curves. 


If in the galvanometer circuit with a total resistance ran E.M.F. 
N 3 
— is induced (by varying the flux N through the induction solenoid), 

t 
we have the following equations: 


di 

- t- K—=— 

er ae % dt dt 
d’6 

dt? 
where #9 is the deflection of the system (moving coil or string), u 


the elastic force or couple, f a frietion constant, m the mass or 


d6 
moment of inertia of the system, and Bern the E.M.F. induced 


m 


dö | 
—— —= Ki 
+2 +0 = Bi | 


do 
for a change of deflection = 


Neglecting the selfinductance Z, the elimination of ı yields the 

following equation for the deflection 
d’0 K’\d9 KaN 

+ — | — EEE ET 

ae r dt 0) 

KR 

The term —- represents in the usual way the electromagnetic 
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damping of the galvanometer. 
If we put (1) in the form 


d’0 d@ ER dN' 
PR et PR: 
where 
K 
N=-—N 
mr 
K°’ 
+ — 
Inn 
m 
l 
A >> 
m 


we find, witli the method of variation of the constants and with 
dd 
the initial conditions (or Un er = 0): 


t t 
1 5 avi dN' 
= _— auf dt — eis! he="3t U OR N | 
(», —,) dt dt 
0 0 


where z, and «, are the (negative) roots of 
+ 2a tw’. 


If we now suppose that at the time 2=0, N =0, we have 
t 1 


dN' 
ent heat Fr d=N!+ a, u [N erit dt 


0 0 
Hence (2) becomes 


t t 
1 » 
0 = — u, er [v et de — wo, et | N' eTit dt 
(0, —%,) 5 
0 0 


EURER: 1 

Further, if we suppose the flux N’ to increase with jumps, so 
that the discontinuous increase at the time ?=( is A,N’, at tbe 
time t=t, is A,N’ etc. and if we consider N’ to reınain constant 
during inter i inuili 1 
8 the intervals between the discontinuities, we may in the 
ollowing way replace the integrals by summations 

t 


weut| Netd— 
0 
—A,N (l —en) — A, N' (1 - alu) — A, N'(L- ent) .... 
The deflection 9 can now be written as: 


1 
Dzske re Ss A, N'fe" t—1,) ne ae. i 


(#, —&,) n 


(3) 


> ie H 
In 2 “ ; 
Ba: 2 ng ng: 
F .—, 
Dr a 


BALTH. VAN DER POL Jr.: “Discontinuities in the Magne- 


tisation.” 
6:2 61 6.0 


Fig. 4. 


Ita, 3% 


Fig. 6. 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 


987 


but with the restrietion, that up to the time ?/= tj. the first k terms 
only of the series are to be taken. Hence, with each discontinuity 
the number of terms of the series expression for @ is increased by one. 


a Ri, 
For the veloeit Fra get 
c .- 


* 1 hr 
Gr EB A,N'ta, zu nn “, a 


dt >= (2, —#,) n 


20 
Immediately after the moment t; the veloeity gi therefore in- 


creased by the amount 


Therefore, the effect of the A’'" discontinuity is, that the veloecity 
existing just before it occurred, is increased by the amount 


K 
AN =—A, N 
rm 


Hence every discontinuity in the magnetic induction causes a 
proportional increase of the velocity of the galvanometer system. 

Finally let us consider what becomes of the deflection 6 if, as 
was the case with the moving coil galvanomelter, the galvanometer 
is greatly damped and therefore 

wa. 

In this case a deflection, once obtained, decreases only very 
slowly (as witlı the Grassot-fluxmeter). 

Now the roots w, and x, are approximately 


hence 
> 1 o? 
= 
2 Det 
0, — — 20 3 


The momentary deflection now becomes 
1 1 w? 


ee 
(0) = 2% = 2 IN“ Ne 2 0 eh AN) 
@ n 


If the experiment does not last too long, we have for all values 
to be considered 


2 
ei) R 
e 2a — 1. 
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The other terms 
— e-alt—1,) 

every time disappear very soon after each discontinuity and produce 
a small bend at the upper part of each jump. See e.g. fig. 4. The 
more the galvanometer is damped, the greater therefore «, the smaller 
these bends are and the quicker the galvanometer is able to follow 
the sudden changes of the flux. 

If we disregard these small bends the deflection.of the greatly 
damped galvanometer is simply given by 


= > SA: N N 
Tone 
and the galvanometer deflections are at any moment proportioual 
to the flux going through the induction solenoid'‘). If the A there- 
fore incereases proportionally to the time, the deflection of a greatly 
damped galvanometer accurately describes a hysteresis curve. This 
extreme case can be better approximated with a moving coil 
galvanometer than with a string instrument. The curve described 
by the image of the string galvanometer representing the solution 
of (1) from which the function. N has to be found back, does not 
lead to such a simple interpretation. 


Haarlem. Physical Laboratory, TEYLer’s Institute. 


!) This relation is obtained at once from (1) by neglecting the first and third 
term of the left hand member. 


Physies. — “Note on the’paramagnetism of solids.” By Prof. P. 
EHRENFEST. 


(Communicated at the meeting of December 18, 1920). 


1. The object of this note is to show that the validity of the 
CuriE-LAnGevin law for the susceptibility of solid paramagnetie sub- 
stances may be arrived at on a different theoretical basis from that 
discussed by Weiss!) Stern’) and Lenz?) (comp. section 3 of this 
paper), namely on the following assumption : the atoms or molecules 
of a solid paramagnetic substance contain electrons eirculating in 
definite, practically fixed orbits of lowest quantum-number (which 
we shall call “rest-orbits’”’), so that, in the absence of an external 
magnetic field, there is no perceptible difference in the energy of 
the two opposite (right and left) directions of eirculation. It will be 
further assumed, that with a magnetic field 7 at a given tempera- 
ture 7’ the statistical distribution between right and left which 
corresponds to A and 7'*) will automatically establish itself. On 
these assumptions the Curı-Langevin law will be found to hold 
c.f. $4), and, in the case of a erystal symmetry or of acrystalline 
powder of any crystalline structure, even with the correct numerical 
factor 3 in the denominator. 


2. Langsvin’s theory explains the fact, that paramagnetic gases 


ı) P. Weiss, C. R. 156 (1913) 1674. 

2) O. Stern. Z. f. Phys. 1 (1920) 147. 

s, W. Lenz. Phys. Zschr. 21 (1920) 613. 

4) If the motions of the electrons are not-submitted to any limitations by means 
of quantum-conditions and if the law of thermal statistics is applied to all the 
degrees of freedom, the body is found to be unmagnetic; comp. H. A. LORENTZ. 
Vortr. kinet. Theorie der Mat. u. Elektr. p. 188. (Teubner 1914); H. J. van LEEUwEn, 
Vraagstukken uit de elektronentheorie van het magnetisme p. 54. [Dissertation 
Leiden 1919]. Accordingly in his theory of paramagnetism LANGEVIN assumes, 
that the ampere currenis, which represent the elementary magnets, are not sub- 
jected to thermal statistics in their cyclic co-ordinates. But when, as in our case, 
quantum conditions are introduced into the statistic scheme, the possibility of . 
paramagnetism returns, even if not a single degree of freedom remains outside 
the scheme. To this circumstance my attention was drawn by Prof. N. BoHk in 
a conversation (1919). 
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and solutions of paramagnetic salts obey Gorıe’s law; in these cases, 
taking account of the smallness of 


Bu () 
re: . . . 
it gives at the limit the Curis-LANGevin relation 
Nu? 
= (2) 
3r7 


where X —= molair susceptibility; N — AvocApro’s number r = we 


BOLTZMANN’S constant, u — magnetic moment of one molecule. Ex- 
periment shows that this relation also holds for certain solid para- 
magnetic substances. In particular KamerningGH Onnes has found that 
gadolinium sulphate follows the law exactly down to the lowest 


(Helium) temperatures. This is not what one would expect in view_ 


of the assumption underlying the derivation of the formula, namely 
that the orientation of-the elementary magnets depends exclusively 
on: (1) the thermal motions, (2) the directing influence of the external 
field 7. In solid (erystalline) bodies there must be additional forces 
of a different nature which also play a part in the orientation of 
the elementary magnets. 


3. It follows from the papers by Weiss, STERN, and Lexz, that in 
the case of forces of that kind which depend on a erystalline structure 
the same relation is obtained, if only it is assumed that: 

1. The potential energy D of the forces which try to keep the 
axis of an elementary magnet parallel to a definite direction R is 
centrally syınmetrical, i. e. it.is equal for any two opposite orien- 
tations of the elementary magnets. 

2. When the temperature or the field changes, the statistical 
distribution of the orientations, which according to BoLTZMAnNn 
eorresponds to the new values of 7 and H, and to 8, actually 
establishes itself; this involves, that there is no retardation in the 
necessary reversal of (he elementary magnets (false equilibrium). 


4. Let us now consider a solid body containing electrons whose 


“rest-orbits”' satisfy the conditions mentioned in $ 1. For a partieular- 


electron let the magnetic moment of its orbit be a and its projeetion 
on the direction of tbe field + wcos%,, according to whether it 
 eireulates to the right or left‘). At the temperatures considered we 
!) Strietly speaking « itself depends on the orientation of the orbit relatively 


to the field A, since the veloeity of the electron is affected by it. In a magnetic 
field it is not simply the mechanical momentum of the electron that is to be 


(7 a 
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can leave out of acconnt the possibility of the eleetron Jumping to 

an orbit of higher quantum-number. Now the times during which 

the electron moves to the right and to the left are in the ratio ') 

ud 

eÜ 608% ; 7 @c0s % We a a a en {8 

; (=) @) 

and the time-average of the projection of its magnetic moment on 
the direction of 7 is therefore given by 


u cos D, e@ 085% — 1 008 I, e7 405% 
e0 cos — eos 90 BE TEBET, (4) 
Since a is small we may put 
eo N er unluıne rat (8) 
hence (4) becomes 
w’H 
9 6 
Te (6) 
and the susceptibility 4 for N such elecetrons will be 
ern 
== aersıch Sul; la an 


the mean being taken over the possible orientations of the “rest-orbits” 
of the electrons. For a crystal of cubie symmetry or a powder of 
arbitrary erystalline structure we have obviously 


ENT NEE) 


whereby equation (2) is arrived at. 


5. Additional remarks. 
1. According to the above tleory the Röntgen-reflection of a 
erystal would not be changed by magnetisation. By a very sensitive 


7 er 
taken equal to 5 or a multiple of it, but the electro-kinetic momentum of the 
TE 


electron (reduced to mechanical units) has to be added. -However, even with.a very 
high value of H, this term is small compared to the other. We may therefore 
neglect this diamagnetic action, depending on induction, just as LAnGkvin did in 
his fundamental theory. 

?) In the power of e we must put Ihe quantity which remains constant during 
a “collision”. For an electron, which in a constant field FH changes from a right- 
hand to a left-hand motion, this quantity is not the sum of the mechanical and 
electro-kinetic energies, but a kind of “RourH-Function” has to be taken. (Comp. 
Dissertation by H. J. van Lezuwen. Leiden 1919, p.p. 11, 18, 52—54, an extract 
of which is soon to appear in the Journal de Physique). A simple caleution on 
this basis, with the approximation referred to in the previous footnote, gives the 


ratio (3). 
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null-method Comprton and Rosnuey ') have actually established the 
absence of any such effect for the (ferro-magnetic) erystals of magnelite. 

9. In the theory of Lanesvin-Weiss the rotational movement of 
the elementary magnets gives its own contribution to the kinetie 
energy and therefore to the specific beat, whereas in Be theory 
the corresponding term does not oceur. At first sight this appears 
strange, since the form of equation (2) seems to point to equiparti- 
tion. But a similar result will always be obtained, in cases, where 
tbe lowest quantum-motions which are possible, possess a very small 
difference of energy As with respect to each other (in our case 
Y uHcos 9 with a feld A). In those cases there is always a range 
of temperatures 7, where 7 is small enough for the higher quan- 
tum-orbits to be disregarded, and at the same time large enough 
with respect to As. 

3. Although the transition between the right- and left-hand 
motions requires an amount of energy small as compared to rT, 
still it may require the coincidence of favourable circumstances to 
bring about the corresponding reversal of the motion (moment of 
momentum). Since we are dealing with a quantiec process, it is 
probably diffieult to treat this question quantitatively. In general we 


may expect, that the corresponding retardations in the establishment 


of the magnetisation would show themselves most easily at very low 
temperatures and rapidly alternating fields’). (For light-vibrations 
y) is always—=0). They would for instance give rise to a kind of 
hysteresis and a corresponding development of heat, when gadolinium- 
sulphate is periodically magnetized in opposite directions. 


Leiden. Physical Department. 


') A. H. Comprox and O. Roenıey. Is the atom the ultimate magnetic particle? 
Phys. Review. 16 (1920) 464. 

?) The possibility of this retardation was pointed out by Linz in his address 
at Nauheim (l.c. p. 615) from the point of view of the sudden reversals of the 
magnetic atoms. Previously to this in the beginning of July 1920 the question was 
discussed by Prof. KAMERLINGH OnNes and me, both from the point of view of 


Weiss’ theory and of the assumptions ol this paper, together with the possibility 
of testing it experimentally. 


ee ee 


Palaeontology. — “The identity of the genera Poloniella and 
Kloedenella.” By Miss J. E. van Vren. (Communicated by 
Prof. J. W. Mon.) 


(Communicated at the meeting of December 18, 1920). 


In the year 1896 a treatise appeared by Prof. Dr. Gürıch about the 
Palaeozoicum of the Polish middle mountain range. In this treatise 
the author instituted the new genus Poloniella (4, p. 388) for a few 
carapaces and valves of formerly unknown Östracoda, originating 
from the middle devonian Ostracoda marl of Dombrowa near Kielce. 
These remains he united into one species viz. Poloniella devonica. 

Some twelve years afterwards the two American palaeonotologists 
Dr. Urrıca and Dr. Basster supplied a contribution to the know- 
ledge of the Beyrichiidae. On this occasion the new genus Kloede- 
nella (8, p. 317) was founded also, under which group they intended 
to bring together eight species at the least. 

In 1914 Prof. Dr. Boxxema (2, p. 1087, 3, p.1105) was able to 

amplify the characteristics of the genus Kloedenella as given by 
ULrıch and BassLer as a result of his investigation into the nature 
of the Ostracod, which Dr. Auren Krauss formerly described under 
the name Beyrichia hieroglyphica. 
In comparing wbat the above mentioned authors have said about 
the genera Poloniella and Kloedenella, it is obvious that the latter 
are identical. It should however be observed that what BonneMmA 
takes to be the anterior part of the caranace — and rightly in my 
opinion — is considered the posterior part by the others. As a 
natural result the valve, which is the left one, according to BonNEMA, 
is called the right one by the others. 

Thus Bonsema found as the most characteristie feature of the genus 
Kloedenella that the right valve before the straight part of the hinge 
line has a notch in which a process of the left valve fits. (fig. 3). 

In the genus Poloniella a similar connection of the valves seems to 
be present. GürıcH does not mention this fact emphatically, but as he 
writes: “Ganz am vorderen Ende jedoch tritt der linke Saum wieder 
zurück und auf der hinteren Kantenhälfte springt der rechte Saum 
sogar stark über”, I should eonelude from this that it oceurs here also. 

Besides Bonsema bad found that in the genus Kloedenella the 
right valve overlaps the left one at tbe hinge line, whereas the 
opposite is the case with the free edges. In accordance herewith, 
Gürıch writes “.... greift am Schlossrande die linke Klappe in 
einer gradlinigen Leiste vorspringend über den entsprechenden Rand 
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der rechten Klappe” and ‘“Längs des Bauch-, Vorder- und Hinter- 
randes greift die rechte Klappe DOeTET 

The identity of the two genera, however, appears much more 
elearly from the figures GürıcH gives of his Poloniella devonica and 
Bonsuma of Kloedenella hreroglyphica and which are partly eopied 
on the aceompanying plate. If we compare Fig. 1 of Poloniella 
devonica with Fig. 2 of Kloedenella hieroglyphica and Fig. 7 of the 
former with Fig.. 8 of the latter, it appears that also of the former 
the right valve has undoubtedly a notch in which a process of the 
left valve fits. The fact that GÜürIcH represents complete carapaces 
of Poloniella devonica and looge valves of the other Östracoda, 
originating from the same locality, renders it also probable that in 
Poloniella the connection of valves is present, which is characteristie 
of the genus Äloedenella. 

At the same time it is easy to see that the furrows on the lateral 
sides of the carapaces of the Ostracoda correspond, when we only 
assıume that in Poloniella devonica the anterior and Ihe posterior 
furrows are joined at the ventral side, so that we cannot distinguish 
here the two small furrows that are present in Kloedenella hieroglyphica. 

If we compare the figures 7 and 9 of Poloniella devonica which 
were given by Gürich, it strikes us immediately that the carapaces 
illustrated are very different in thickness. This is easily explained 
by assuming that the first comes of a male and the second of a 
female individual, as has oceurred in many other Ostracoda. (1, p. 79; 
7, p: 66). The carapace of the female is taken to be thicker than 
that of the male as a result of the stronger development of the 
genital apparatus. 

The same phenomenon appears also in Kloedenella hieroglyphica. 
Among the material of this Ostracod, which is to be found in the 
Mineralogical-geological Institute at Groningen, occur two kinds of 
carapaces viz. thick ones which I think originating from females 
(Fig. 10) and less thiek ones originating from males (Fig. 8). 

Thus we can see that in both genera Poloniella and Kloedenella 
sexual dimorphism appears in the same manner. 

I, therefore, do not doubt the identity of the genera Poloniella 
and Kloedenella. The former being founded before the latter, the genus 
Kloedenella must be abandoned. 

The eriteria of the genus Poloniella are: carapace elongate and 
small; the length usually less than 1! mm.; the thieckness of the 
carapace of the male individuals practically everywhere the same; 
in the female mach larger especially at the posterior end. At the 
anterior and posterior ends the carapace is equal in height with the 


‚, E. VAN VEEN: “The identity of the genera Poloniella and 


Kloedenella”. 
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Fig. 11. Bao Fig. 13. 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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males; with the females the posterior part is higher. The dorsal 
edge straight; the ventral one convex or somewhat concave. The 
anterior edge equally curved and passing almost unperceptibly into 
the dorsal edge, as together with it a very obtuse angle is formed; 
the posterior edge less enrved and forming almost a right angle 
with the dorsal edge. Valves unequal; the right one on the anterior 
part with a half eireular notch, in which a process of the left valve 
fits. Owing to this peculiar connection of the valves complete carapaces 
have generally been preserved. The sharp hinge line of the left 
valve lies in a furrow on the hinge line of the right valve, the 
latter being higher than the left one along the hinge line. The sharp 
free edges of the right valve lie in a furrow on the free edges of 
the left, so that with the free edges the left valve overlaps the right 
one. The surface of the carapaces is different. On the anterior part 
of each valve two more or less vertical furrows are found that are 
separated by a narrow lobe. Also on the posterior part a furrow may 
oceur which can be linked to the anterior furrow below. For the 
rest the surface is generally smooth and without ornamental markings. 

Remains of these Ostracoda have been found in upper silurian, 
devonian and probably also in carboniferous strata of the temperate 
zones of the Northern Hemisphere. 

In the foregoing we have seen that Poloniella devonica can easily 
be derived from the upper silurian Poloniella hieroglyphica by 
assuming that the two small furrows which are found below the 
middle of the three larger ones, are joined together and with the 
anterior and posterior furrow, through the disappearance of the 
intermediate lobes. 

Poloniella hieroplyphica is sure to have found its origin in a 
species of this genus which resembled to a degree the older but yet 
upper silurian Poloniella Hallii Jones sp. (Fig. 12) (5, p. 15). Here 
the two small furrows are wanting, but the three larger ones are 
already well developed. The oceurrence of valves with one small 
furrow in Poloniella hieroglyphica points to this fact also (Fig. 6). 

The forms resembling Poloniella Halli can be easily derived from 
the type represented by Poloniella pennsylvanica (Fig. 13) (6 p. 341) 
which oeeurs in under-devonian deposits and where no more than 
two vertical furrows are present. 

Finally I give my best thanks to Prof. Dr. J. H. Bonnema for 
kindly putting the material of Poloniella hieroglyphica at my disposal, 
and to Miss A. J. Port, who has been so,obliging as to make the 


necessary drawings. | 
Mineral.-Geol. Inst. University at Groningen. 
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EXPLANATION OF THE PLATE. 
Fig. 1. Carapace of Poloniella devonica G. GüRICH seen from the right 
side. (After GüRIcH). 


Fig. 2. Carapace of Poloniella hieroglyphica a KRAUSE sp. seen from the 
right side 40 X. (After BONNEMA). 


Fig. 3. Right valve of Poloniella hieroglyphica A. Krause sp. 40 X. 


Fig. 4. Carapace of Poloniella devonica G. GüRICH seen from the left side. 
(After GüRICH). 


Fig. 5. Carapace of Poloniella hieroglyphica A. KRAUSE sp. seen from the 
left side. 40 X. (After BONNEMA). 

Fig. 6. Left valve of Poloniella hieroglyphica A. KRAUSE sp. 40 X. 

Fig. 7. Carapace of Poloniella devonsca G. GürıcH of a male individual 
seen from the dorsal side. (After Gürıch). 
Fig. 8. Carapace of Poloniella hieroglyphica A. KRAUSE sp. of a male 
individual seen from the dorsal side. 40 X. (After BONNEMA). 

Fig. 9. Carapace of Poloniella devonica G. GürIcH of a female individual 
seen from the ventral side. (After Gürıch) 

Fig. 10. Carapace of Poloniella hieroglybhi A 
individual seen from the dorsal side. 40 ae ver A RADAR 

Fig. 11. An: section at the hei 
„carapace of Poloniella hieroglyphica A. Kraus i 
BA Ofen Bonaeıt E sp. seen from the posterior 

Fig. 12. Left valve of Poloniella Halli Jones. sp. 15 X. (After Jones). 

Fig. 13. Carapace of Poloniella 

right side, from the anterior end an 


$ht of the muscle impression of a 


bennsylvanica JONES sp. seen from the 
d from the ventral edge. 15X (After Jonzs). 


Geology. — “On Manganese Nodules in Mesozoic Deep-sea deposits 
of Dutch Timer’. By Prof. G. A. F. .MoLENGRAAFF, with a 
preliminary communication on “Fossils of Cretaceous Age in 
those Deposits’. By Dr. L. F. ok Bkaurorr. 


(Communicated at the meeting of November 27, 1920). 


Deep-sea deposits, which resemble in nearly every respect the 
recent deep-sea oozes have in the latter three decades been observed !) 
in many islands of the East-Indian Archipelago‘?), notably in the 
islands Borneo, Rotti, and Timor. In Borneo they are of mesozoic, , 
probably of pre-cretaceous age, in Rotti partly ofjurassie, and in 
Timor, as had been accepted until now of triassie and of jurassie 
age. Red clay-shale here and there containing radiolaria, being the 
equivalent of the recent red clay, as well as chert and hornstone 
with radiolaria, so-called radiolarites, being the equivalent of the 
recent radiolaria-ooze, have been found and take up a foremost 
place among the rocks composing the soil of these islands. Manga- 
nese nodules are not wanting in the mesozoic deep-sea deposits and 
I have succeeded in proving?) that they enclose numerous radiolaria, 
and thus have been formed by the precipitation of manganese in 
an ooze containing radiolaria. The nodules of manganese, which 
had been found prior to those described in this paper, differ from 
those of the recent deep-sea deposits in two respecis. They do not 
present, at least not distinetly, a concentrie structure, and they 
do not include other fossils besides radiolaria. Recent manganese 
nodules from the deep-sea, on the contrary, have as a rule a con- 
centrie arrangement and not seldom the nuclei around which they 
are grown, consist of fossil remains, as e.g. teeth ofsharks. Shark’s 
teeth devoid of any coating of manganese were frequently brought 
up in great quantities by the Challenger-expedition from great depths 
in the red clay, showing that in such cases these teeth were Iying 
loose on the botiom of the sea. 


ı) They are deposited in the deepest parts of the mesozoic Tethys-geosyn- 
cline and considering their character of deep-sea deposits, comparatively 
close to the land. 

2) See References 1, 2, 7, 8, IrI0mLT 12: 

3) G. A. F. MOLENGRAAFF, Ref. 9, pp. 426 and 427. 
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The late Prof. Dr. H. G. Jonker '), who, in the year 1916, made 
palaeontological explorations in the island of Timor, was fortunate 
enough to make a discovery, which deeidedly increases the know- 
ledge of fossil deep-sea deposits. 

In the bed of a little brook, discharging itself into the Noil Tobee, 
also ‘called Noil Toninu, on its right bank he found near its 
month a good exposure of beds of red deep-sea clay, containing, 
besides nıumerous nodules of manganese also teetlı of Klasmabranchu, 
especially of sharks. The Noil Tobee is a small river rising about 
4//, km. E. N. E. of Niki-Niki in the distriet of Amanuban in 
entral Timor and joins the Noil Bunu at 3 km. to the North of 
its source, a little below the Fatu Toninu. The Noil Bunu flows 
into the Noil Noni?’), and this again into the Noil Benain, which 
river discharges into the Timor sea, not far from Besikama. The 
spot in the bed of the brooklet, where Jonker has found this red 
clay, is situated about 480 m. above the’ sealevel. 

Jonker had a clear vertical section dug out and entirely freed 
from debris which had been transported by the brooklet. A sketch 
taken from his diary is reproduced here withont any alteration. 


-- Brooklet 


R. Red clay. 
P.: Thin bedded limestone. 
CC’. Boundary Plane between 


Rand P. 
AB. 2 meters. 


Fig. 1. Section in the Noil Tobee. 


!) Prof. JONKER by his sudden death on 19 Jan. 
from preparing any of the results of his explorations 
collections are stored now in the geological and palaeon 
the Technical High School at Delft. I have been able 
diary in preparing this article. 

?) This portion of the Noil Noni is someti 
of the Noil Benain. 


1917, was prevented 
for publication. His 
tological museum of 
to make use of his 


mes considered to form a part 
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A elay ranging in colour from yellow to red and brown, and con- 
taining nodules of manganese overlies, apparently, quite conformably 
a thin bedded limestone, which contains badly preserved shales of 
Aviculidae (Halobia). The bedded limestone is well stratified, the clay, 
on the eontrary, is not distinetly stratified except in a portion of the 
section, where brown and yellowish-red clay are found to alternate. 
In the section the beds of the elay are apparently undisturbed, but 
the polished slickensides, which traverse the clay, testify to its having 
been exposed to considerable mountain-pressure.. In consequence of 
the large number of slickensides the clay is crumbly and it is 
impossible to obtain a good-sized specimen without joints. The largest 
entire specimen brought by Jonkkr, measures 8X 6x2 cm. It is 
represented on Pl. I fig. 2. The position of the limestone and the 
clay is the same; both have a strike N. 35°.W. and a dip 42° 
towards S.W. The yellow clay which prevails in the lower portion 
of the section is about 40 cm. thick and is followed by red, and 
chocolate-brown elay rather more than 3 metres thick; with it the 
section terminates against the surface soil. 


Fig. 2. Manganese nodules in red deep-sea clay, Noil Tobee 
Central-Timor. 


Foto H. G. JONKER. 


In the upper portion of. the section the brown clay alternates 
| 65* 
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with bands of yellowish-red elay, which brings out the stratificatıon 


to greater advantage. 
The manganese nodules are numerous and scattered over the entire 


section, as can be seen in Fig. 2. In the red clay, however, they are 
more numerous than in the yellow. The relation between these 
nodules and the celay has been represented in figure 1 only 
schematically. Compared with the given scale the nodules appear 
much too large in the drawing. The largest have on an average & 
longer axis of at most 10 cm., all the others have varying smaller 
dimensions. Small ones e.g. of a diameter of 1 or 2 cm. are as 
numerous as larger ones. 

Further upstream Jonk&r discovered another exposure of red deep-sea 
elay with manganese nodules on the left bank of Noil Tobee, but 
it is inferior to the one sketched above. 

Teeth of Elasmobranchü especially of sharks are disseminated 
in the red elay. Jonker has collected most of them as loose specimens 
weathered out from the elay. In his collection there are two pieces 
only in which a shark’s tootlı constitutes the nucleus of a manganese 
nodule. Jonker’s diary does not give more particulars about the 
distribution of the shark’s teeth in the clay. 


a. The red deep-sea clay. 


The red deep-sea clay of Noil Tobee has apparently been altered 
very little by diagenetic processes. It has a greasy feel resembling that 
of soapstone and can be scratched with the nail; in a dry. state 
it is somewhat plastie, and distinetly so after moistening. Considering 
it as a rock it could hardly claim the name of clayshale, the term 
solid clay being more appropriate to its character. In this respect 
it differs from all other deep-sea shales, hitherto discovered in 
Timor and in other islands of the East-Indian Archipelago. In 
Timor mesozoic red clayshale is an important constituent in the 
structure of the soil, and is found in many places. 

In all localities known to me the red deep-sea clay oecurs as a 
non-plastie, fairly hard elayshale, not unfrequently slightly schistose 
through mountain-pressure, and always altered rather considerab!y 
by diagenesis, maybe through silieification, maybe by caleification 

On mieroscopie examination I found in many cases that Nach 
a clay-shale had first been silieified, whereas later a portion of the 
silica has been dissolved again and leached from the rock whilst a 
cement of lime had been introduced into the rock. 


The locality Noil Tobee, discovered by Jonker, is the only one 
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known until now where red deep-sea clay of mesozoic age is 
found unmodified as a true clay. Up to this day fossil red deep-sea 
clay in an equally unaltered state of preservation, has been found 
only in one place, viz. the island of Barbados. But here it oceurs in 
much younger deposits, viz. in the so-called “oceanic beds” of miocene 
age. Harrıson ') describes it as “clays having a peculiarly greasy feel, 
ranging in colour-from a dark chocolate-red through various shades 
of red and pink to yellow and greyish white’. 

There is some difference in properties between the varieties 
of the clay of Noil Tobee. The pale red variety displays most 
distinetly the properties of a true clay and is also fractured least by 
joints showing slickensides; it no doubt represents the purest and 
least ınodified form in which the deep-sea clay here occurs. This 
explains why only this pale red variety has been used by me as a 
material for an analysis as well as for microscopie examination. 
The brown varieties have undergone a more marked modification ; 
they are harder and very much fractured by minor polished fault- 
planes. 

An analysis of a sample of pure, pale red deep-sea clay of Noil 
Tobee, carried out by Prof. H. rer Meurnen at Delft, shows its 
chemical composition to be as follows: | 


SiO, 57.6 

TiO, 0.6 

AI,O, 19.2 

Fe,O, 71 

MnO, trace 

CaO 1.2 

MgO 1.4 

K,0 trace 

Na,O 2.3 
H,O below 110° 6.2 109 
H,O above 110° 4.0 5 

99.6 


Trace of Sulphate. 


In order to compare this composition with that of recent deep-sea 
clay and that of the miocene deep-sea clay of Barbados, the results 
of the analyses have to be brought first into intercomparable form 

In the analyses of the numerous samples of recent red deep-sea 
clay, colleeted by the Challenger-expedition, Brazırr has not taken 
into account the salts which had been dissolved in the seawater 


1) A. J. Jukes BROwnE and I. B. Harrıson. Lit. 3 p. 189. 


1002 


adhering to the elay. Such adhering connate salts of course can no ax 
be expected to occur in the samples of fossil deep-sea elay. The ganz 
of this adhering salt is not inconsiderable and amoumts IR 3.6148 
as shown by Harrison and Wırnams') in material of the Challenger. 
The constitnents of this salt are NaCl, MgQl,, CasO, and a trace 
of phosphate. Moreover Brazıer has not determined the alkalis in 
the samples of the Challenger, so that the figures assigned ch him 
to SiO, and other substances are t00 high. To meet this deficieney 
in our knowledge of the chemical composition of. the recent red 
deep-sea clay, Harrıson and Wırnıans?) have ‚made a new analysis 
of the typical red deep-sea elay collected by the Challenger determining 
the percentage ofthe alkalis and mentioning separately the quantity and 
the composition of the adhering sea salt. Leaving out the adhering 
salt the analysis of the sample of deep-sea clay, examined by Har- 
rıson and Wınnıams would come to this: 


SiO, 56.12 

AlLO, 16.30 

Fe,O, 10.94 

MnO, 1.62 

07.10) 1.65 

M8gO 1.43 

K,O 1.95 

Na,0 3.34 

H,O 6.99 whilst heating 
> — alter (ryang 
100.31 at 100° 


Now we are enabled to compare the above analysis of recent red 
clay with those of the fossil deep-sea clay, as soon as in both the amount 
of water, escaping below and above 100°, has been taken into 
account in the same way. Doing so it is desirable not to take into 
account the water which escapes on heating to 100°, because this 
was done neither in the analyses of the miocene deep-sea clay of 
Barbados, nor in the most recent analyses of recent red deep-sea clay 
made by @. Sreieer and discussed by CLARKR?). 


The analysis referred to, of tle eretaceous deep-sea clay of Noil 
Tobee, recaleulated in this way runs: 


) I. B. Harrıson and A. J. Jures BROwNE. Lit. 6.2. 8333 
”) Ref. 6 p. 315 and 321. 
») F. M. CLARKE. Ref. 4, DE 185: 
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SiO, 61.3 
TiO, 0 
AL,O, 20.4 
Fe,O 7.6 
MnO trace 
Ca0- t 1.3 
MgO 1.5 
K,O trace 
Na,O 2.5 
H,O 4.3  Escapes on heating 
996 above 110° C. 


In this way we have obtained the following analyses in a com- 
parable form: 


1 2 3 4 
SiO, 56.12 |. 54.48 | 60.99. | 61.3 
TiO, 2.01) 0.98 3.631) 0.7 
Al,O; 16.30 | 15.94 | 21.03 | 20.4 
Fe,0; ) | 8.66 | 6.9 1.6 
FeO , 0.84 
MnO, 1.62 | 1.21 | 1.24 | trace 
CaO SE Se Ir" a BE a 
MgO 1.43 | 3.31 2.62 1.5 
K,0 1.95 2.85 0.50 trace 
Na,0 3.34 | 2.05 1.95 2.5 
H,O after drying at 1000 6.92 | 7.04 4.72 4.32) 
100.27 | 9932 | ı00.— | 986 


1) In the samples 1 and 3 TiO, is determined from a separate 
quantity making the figure for Al,O, too high, because TiO, is 
comprised in it. 

2) Dried at 110°. 


1. Recent red deep-sea clay. Pacific Ocean. Challenger station 256. 30° 22’ N. Lat 
and 154° 56° W. Long. Depth 5310 m. Anal. HArRIıson and WiLLıams. 
Average composition of 51 samples of recent deep-sea clay. Anal. G. STEIGER. 
Miocene red deep-sea clay. Mt. Hillaby, Barbados. Anal. J. B. HARRISON. 
Cretaceous’red deep-sea clay. Noil Tobee. Central Timor. Anal. H. TER MEULEN. 


ns 


On comparing the analysis 3 of the red clay of Barbados 
with the analysis 4 of the red clay :of Noil Tobee, it strikes us that 
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the first-named contains 1.24°/, MnO,, whereas the second contains 
only a trace. This may be accounted for by the fact that no manganese 
nodules oecur in the red clay of Barbados and thus the manganese 
ore there is not concentrated, as is the case in the red clay of 
Noil Tobee. For the rest the analyses 3 and 4 resemble each other 
so much, that we may speak of an almost complete identity as to 
chemical composition between the cretaceous deep-sea elay of Noil 
Tobee of Central Timor and the miocene deep-sea clay ofMt Hillaby 
in the island of Barbados. The differences between the fossil and 
the recent deep-sea elay are slightly greater. This is easy to under- 
stand, as the deposit, directly it had been raised by diastrophism 
above the sea-level, must in some measure have been modified 
through diagenetic processes, in spite of its being almost impervious 
to water. By those processes a portion of the iron has been leached 
out and removed from the rock, and silica has been introduced into it. 
Taking this into consideration the chemical composition of tlıe red 
clay, as well of Barbados as of Central Timor, appears to resemble 
fairly well that of the recent deep-sea clay brought up at different 
stations by tbe Challenger, as is evidenced by the above analyses. 
The accordance in composition with the samples of red deep-sea clay 
collected by the Gazelle and analyzed by von GÜNBEL!') is also great. 


Microscopic composition of the red clay. 


The microscopie examination of four thin slides of red clay of 
Noil Tobee, carried out by Prof. H. A. Brouwer, yielded the following 
results: “The major part consists of an extremely fine clay-mass, 
which cannot be determined more precisely. It contains some larger 
fragments of minerals and rocks which were recognized as 

a. a polysynthetically twinned crystal of plagioclase ; 

b. a small fragment of a volcanic rock with felsparlaths in the 
groundmass ; 

c. a strongly altered fragment of the groundmass probably of a 
volcanie rock rich in glass ; 

d. a fragment of a volcanie rock rich in glass, with felsparlaths, 
featherlets of ore and much glass ; 

e. some strongly altered (serpentinized) fragments, possibly of 
olivine originating from a volcanie rock ; 

J. an amorphous piece of quartz. 

Ill-defined remains of radiolaria, the tests of which have mostly 
disappeared, occur in a small quantity in all the slides”. 


') W. von GümseEL. Ref. 5, p. 85. and 87. 
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In one of the sections a nodule of manganese was found to be 
cut through. The concentration of the manganese ore appears to 
be perfect in this elay since not a trace of scattered grains of 
manganese has been found in any of the sections of the red clay 
in the slide. 

Besides the fragment of quartz mentioned sub / visible under 
the mieroscope, I- also observed with the naked eye some white points 
which proved to be composed of diminutive pieces of quartz. These 
fragments of quartz I consider to be erratie in the red clay, i. e. 
to be constituents of terrigenous origin, which for some accidental 
reason or other have been deposited in the deep sea; ihey may 
have been transported by floating treetrunks outside the litioral zone. 
For Timor and the East-Indian Archipelago in general such an 
interpretation is admissible, because also in the Mesozoicum this region 
cannot at any time have been far remote from land. 


b. The manganese nodules. 


JoNKER collected a large number of manganese nodules from the 
deep-sea clay of Noil Tobee. The largest among them have tha,size 
of lemons, the smallest are about equal in size to nuts; in the 
fragments of red clay a good many occur no larger than peas. The 
largest specimen measures 10 X 83 X 6 cm. Two types are found 
in the collection, the first type being represented by 90 specimens, 
the second by 2 speeimens only. 

Type 1. Nearly all nodules are spherical or ellipsoidal. A few 
are eylindrical in shape and evidently originated by the coalescence 
of two individuals. 

The surface is tubereular and finely granulated, reminding one 
of shagreen (Pl. II, fig. 4). The colour is black to brownish black; 
the stripe is dark brown. The nodules are mostly dull, but display 
a faint metallic lustre on the projeeting parts of the relief, i.e. on 
the granules and on the tubercles. Their hardness is less than 2. 
The specifie weight is = 1.7. This low value is due to the great 
porosity of the nodules. As to physical properties the composing 
material is analogous to Waad. | 

The manganese nodules' possess a distinetly concentrie structure. 
A radial arrangement could hardly be perceived in some, in others not 
at all. Several nodules in the collection were broken in two, and 
show very well the concentrie structure. (Plate Il fig. 1 and 2). Some 
of them are broken on purpose, but Joxker reports that just 
below the surface he often found the nodules broken in two 
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ite or gray ‚Jeus free 
pieces. The nodules have often a white or gray nucleus fı 


from manganese in their centre, äround which on all sides the 


manganese has been precipitaled in eoncentrie, porous layers me 
white nuecleus is sharply eontrasted with the dark envelope (Fig. 3 
in the text and Pl. II fig. 3): 


A 


a 


Fig. 3. Manganese nodules with a white nucleus of chert containing 
radiolaria for the $reater part altered into amorphous silica. 


In some of the specimens part of the nuclear mass is ofa greenish 
colour and dimly transparent. These parts can easily be recognized 
as chert with a strong pocket lens. 

The nuclei are always brittle and more or less friable. In one 
case | succeeded in having a thin section made througli an entire 
nodule, nucleus and envelope, without interfering with the structure. 
This slide is reproduced in Pl. I fie. I. 

On mieroscopie examination this nucleus appeared to consist of 
radiolarite, being converted for the greater part into white, amorphous 
silica. In it the radiolaria are packed close together, their casts being 
filled up with a crystalline mosaie of quartz. The concentrie arrange- 
ment and the porous character of the manganese envelope round this 
nucleus are easily recognizable in this figure. In some other slides 


Il) Very rarely a white substance free from manganese, quite similar to 


that of the nuclei, was found outside ihe centre of a nodule, between two 
layers of the manganese envelope. 
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made from these nodules I could state the presence of some radiolaria 
also in the manganese substance itself. 

The chemical ‚composition is shown in the following analysis of 
one of these nodules made by Prof. H. rer Mevnen: 


SIiO, 24.4 
26.0, 25.5 
A1,O, 9.8 
MnO 16.9 
CaO 5) 
BaO 0.32 
MgO 0.34 
K,O 0.15 
Na,O 1.46 
NiO 0.28 
Co0 0.16 
GCuO 0.12 
Cl (oxyg. aed.) 0.60 


H,O  .escaping below 110° I, 184 
ER Rahoye 110%: 8102 4 
99.63 


: Traces of lead, sulphate and phosphate. 


This substance might be called a Waad rich in iron and silica. 
For the sake of comparison | give this analysis of a nodule of Noil 
Tobee in the following table, after recalculation as if the material 
had been dried at 110°, next to an analysis of manganese nodules 
from the recent deep-sea elay brought up by the Challenger at four 
different stations. 

From this table it appears that the composition varies very much 
in the different nodules '). On account of the high percentage of iron 
they all might be called iron-manganese nodules. The composition 
of the nodule of Noil Tobee lies, except for- its contents of alumina, 
within the extreme values, found on analyzing the nodules of 
manganese of the present oceans. 

-Type 2. Among the :manganese nodules of Noil Tobee there 
are two of a different type, which 1 have named the second type. 
One of them is broad and flat, measuring 10 X 9'/, X 3'/, cm.; 
the second is more spherical and smaller. They have a specific 
gravity of 4.2 and their hardness is 6. Thus they are much heavier 
- 1) An analysis made by A. SCHWAGER of a manganese nodule found in 
red deep-sea clay by the Gazelle in the Pacific Ocean, is given by W. von 
GüMBEL Ref. 5 p. 102. 
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and harder than those of the first type. They have a smooth surface 
and bear a close resemblance to the manganese nodules oceurring 
near Sua Lain in the island of Rotti ') in jurassie marls, which 
enclose numerous radiolaria. They are also very much like those 
which were eollected in Timor near Mt Somoholle in deep-sea clay 


of presumably triassic age. 


Comparative table of analyses of manganese nodules in red clay. 


Place |Ctlengsr |Optengr chtlnger Qunger | Noil Tobee | 24 type 
Depth in | 2000 | 27400 | 2350 | 2385 
SiO, 21.80 27.62 13.66 20.01 26.5 2.9 
AlzO; 6.60 3.10 2.81 10.6 
22.30 2.3 
Fe&,0; 17.82 46.40 | 17.88 27.7 
MnO;, 39.32 25.48 14.82 | 38.15 18.3 57.7 
MnO 10.5 
CaO 2.21 2.91 3.53 3.58 1.63 5.6 
BaO 0.35 11.7 
MgO 0.89 1227 0.74 0.33 0.37 
K,0 | 0.16 
Na,0 1.59 1.1 
NiO trace trace 0.30 
CoO trace trace 0.17 0.3 
CuO trace trace trace trace 0.13 
Cl (oxyg. aeg) 0.65 
CO, small 
ee geatily 
above 110° 11.— 15.20 14.40 11.35 i121 + 15.3 


When broken into halves these nodules look quite compact and 
homogeneous and show no trace of a concentrie structure. In 
the last column of the above table the chemical composition of a 
nodule of the second type from Sua Lain ®) in the island of Rotti 
is given. It differs much from that of the nodules of the first type 
These nodules of the second type of Noil Tobee have not ben 
examined any further, because JonKER’s notes do not tell us whether 

') Ref. 12 p. 326, 393; 2 p. 61 and 9 p. 1064. 

2) The large percentage of BaO accounts for the high specific $ravity, 
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». A. F. MOLENGRAAFF: “On Manganese Nodules in Mesozoic Deep- 
sea deposits of Netherlands Timor”. 


Plate 1. 


sapehaeier 


\. F. MOLENGRAAFF: “On Manganese Nodules in Mesozoic 
Deep-sea deposits of Netherlands Timor”. 


Plate II. 


Fig. 2. 


Fig. 3. f 
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they originate from the red elay in situ or whether‘ they have been 
transported by the brooklet from a higher level. 


c. The fossils in the red clay and in the manganese nodules. 


These fossils have been examined by Dr. L. F. pr Braurort, who 
has summarized his results, thus far obtained, as follows: 

“The fossils derived from the deep-sea deposits of Noil Tobee 
consist for the greater part of tooth-fragments of Klasmobranchü. 
With a few exceptions only the erown of the teeth has been pre- 
served and of these also the dentine has been dissolved, so that only 
an enamel sheath remains. 

This state of preservation, quite in keeping with what could be 
antieipated in a deep-sea deposit, renders the determination of the 
objeets very difficult. In many cases it is even impossible to class 
the fragments as a definite species or even as a definite genus. 

By far the greater number of the teeth belong to sharks of the 
Lamnidae. Thus far no older specimens of this family are known 
than those belonging to the chalk, unless the genus Orthacodus of 
the Upper-Jura be classified among the Lamnidae. 

This genus, however, is not represented in the colleetioncunder 
consideration. We recognize in it tooth-fragments of Carcharodon 
(known from Chalk and Tertiary deposits), Zamna (Cretaceous to 
Recent), and Scapanorhynchus (know only from the Upper Chalk). 

Furthermore I include a single fragment among the genus Hemi- 
pristis (Upper Chalk, Tertiary, and a single recent species) of the 
family of Carcharüdea. 

Considered merely palaeontologically, the fossils mentioned above 
might be believed to belong to the Upper Chalk. This view is sub- 
stantiated in large measure by the presence in the collection of some 
well-preserved teeth of the easily recognizable genus P’iychodus, 
teeth of this genus, which is looked upon as a precursor of the 
Mylobatidae, being found up to the present only in the Upper 
Chalk of Europe and North-Annerica. 

In the Timor-colleetion we find teeth of 3, perhaps of 4 species 
-of this genus. They may be assimilated to, or anyhow they are 
elosely related to the following species: P. decurrens Ag., P. dixoni 
Dudley and P.rugosus Dixon. These three species, which according 
to Smirn Woopwarp (Quart. Journal Geol. Soc. London, Vol. 67., 
1911, p. 276) form an ascending progression, oceur according to DinLey 
(l.c. p. 263 seggq) in different layers of the Upper Chalk of England. 

Over and above the teeth discussed, the collection also contains 
some undetermined fish-teeth and a fragment of a tooth of a reptile, 
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furthermore some fin-spines presumably of Selachii and lastly some 
fragments of bones, indeterminable thus far. 

It may be that a closer investigation of these hitherto undetermined 
pieces from the remarkable eolleetion will reveal that still older 
types are among them. As yet I can establish only with abso- 
lute eertainty (hat “in the deep-sea deposiüs of Timor there occur 
types, known up to now either exclusively from the Upper Chalk 
or from no older strata than the Upper Chalk.” | 


The above examination goes to show that the fossils found in the 
red deep-sea clay and also in some of the manganese nodules 
are of upper-cretaceous age. From this we can logically infer that 
the deep-sea clay in which the teeth of Klasmobranchü are formed, 
is also of upper-eretaceous age. This result is divergent from what 
might be eoneluded from the stratigraphy of the complex of layers, 
to which the deep-sea clay belongs, as observed by JonkEr. It is 
evident both from the deseription and the section (fig. 1) that the 
red clay directly and comformably overlies a well stratified bedded 
limestone, in which are found not very well preserved, but clearly 
recognizable, remains of Aviculidae (Halobia). These are only known 
to oceur in deposits of triassie age, and Jonker, therefore, did not 
hesitate to consider the red deep-sea clay with manganese nodules 
as triassie. 

Although I believe (he palaeontological evidence to be eonelusive, 
it appears necessary to look for an explanation of this controversy. 
Two ways in which the section (fig. 1) may be read deserve con- 
sideralion in order to account for the apparent contrariety. 

First of allthe eretaceous deep-sea clay,overlyingdireetly eonformably 
the triassie bedded limestone, may not have been deposited there 
originally, but may have been brought there afterwards by orogenelie 
movements. The plane ce' (fig. I) in this case would not be a partition- 
plane between two superposed formations, but would represent the 
teetonie contact of two formations of very different age. A large break 
and a marked stratigraphie gap would then separate the two conform- 
able, successive complexes of layers. Similar straligraphie hiatus between 
Gontonmabh; superposed formations, are of frequent oceurrence in 
Timor with its ehaotie tectonic, and are peculiar to regions, which 
have been considerably disturbed by orogenetic movements with 
considerable horizontal displacements, as Brrrrann has set forth as 
early as the year 1890. Most often, however, the differenee in age 
between the conformably superposed formations is not so great as 
must be assumed in the case of Noil Tobee. Frequently I encountered 
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upper-triassic deposits overlying permian deposits conformably ; in 
the case of Noil Tobee it would appear that an upper-cretaceous 
deposit is superposed conformably on an upper-triassie sediment. In 
such a case certain characteristics of the plane of contact between 
the two formations often reveal it to be a tectonie plane. In fact in 
such cases the plane is as a rule more or less polished, slickensided 
or plastered over with a thin layer of gouge. No mention is made 
of it by JonKker in his notes about the geology of the place. Pro- 
bably he conceived the plane cc’ between the red clay and the 
bedded limestone to be a normal partition between two deposits in 
normal succession. 

Secondly it is possible, that the section after all represents a true 
undisturbed succession; if so, the red elay with nodules of manga- 
nese would embody the. sum total of all that has been deposited 
here, in the deep-sea, from upper-triassic to uppercrelaceous time. 
In such a case one might expect the fish-teeth, described above, 
not to occeur in the lowermost part of the section. The notes on 
hand do not settle the question. An a priori rejection of this solu- 
tion would not be warrantable either. True, the (hickness of the red 
clay (in the section ralher more than 3 m.) is small. if compared 
with the enormous time its deposition must have taken, but then 
also the process of sedimentation must have been extremely slow 
in the deepest parts of the oveans far removed from the land, i.e. 
in the areas of the red clay. 


EXPLANATION OF THE PLATES. 
PLATE I. 


Fig. 1. Section of a manganese nodule from the cretaceous deep-sea 
clay of Noil Tobee. 

K. Nucleus, consisting of modified radiolaria-chert. 

(SIE Concentric shales of manganese ore. 

B.O. Outer surface of the nodule. 

Fig. 2. Fragment of red deep-sea clay of Noil Tobee, containing a small 
manganese nodule with a large, white nucleus. Natural size. 


PLATE 1. 


Fig. 1 and Fig. 2. Broken nodules manganese of Noil Tobee, clearly showing 
concentric arrangement. 

Fig. 3. Nodule of manganese showing concentric layers and a white nucleus. 

Fig. 4. Nodule of manganese seen from the outside. The surface is mam- 
millated and is like shagreen in appearance by numerous little rugosities. 
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Palaeontology. — “The Proto-Australian Fossil Man of Wadjak, 
Java”. By Prof. Eve. Dusois. 


(Communicated at the meeting of May 29 and September 25, 1920). 


Tjampur Darat or Wadjak, the capital of the distriet of Wadjak, 
is a village (dessa), south-west of the town of Tulung Agung, and 
about in the meridian of the Wilis-summit. There the plain of Kediri 
has penetrated, past Mount Kölut, into the Gunung Kidul — the 
Southern mountain range —, and has obtained a steep Eastern 
boundary. The origin of this abrupt breaking off of the Tertiary 
lime-stone mountains has been attributed, no doubt rightly, by 
VERBEEKR and. FenneMA to a fault running along that escarpment, 
through Tjampur Darat or Wadjak and Gamping '). In this southern 
continualion of the plain of Kediri, separated from the Indian Ocean 
by a mountain tract only 3 kilometers broad, lies the Rawa Bening 
(Clear Lake), now for the greater part a marsh, the water of which 
flows off through the Kali Tjampur, which, after uniting with the 
Kali Bendo, coming from the West, to form the Kali-Ngrowo, falls 
into the Brantas on the North of Tulung Agung. Repeated eruptions 
of Kelut and other voleanoes must gradually have raised the bottom 
of the lake with voleanie ashes. And while in the similar deposits 
which were formed downstream, the river easily kept its bed deep, 
the lake, which was probably very large at first and extended as 
far as the foot of ihe lime-stone rocks, had to diminish in extent and 
depth in course of time. Possibly the upheaval of Southern Java 
'may also have contributed to this effect. 

On the slope of that part of the mountain that extends, almost 
rectilinearly, over a distance of 800 meters in W.S. W. direction, 
immediately on the south of Tjerme and at 2 kilometers distance 
S.S. W. of Tjampur Darat, fossil human bones were found in 1889 
and 1890. The plain lies there at the foot of the mountain 90 meters 
above the level of the sea, the plateau more than 140 meters higher, 
i.e. more than 230 meters above the level of the sea. Near the top 
the rock rises up almost vertically, for the rest the gradient is on 
an average 300, through the accumulation of fallen lime-stone blocks 


1) Fault NO. XXXI on the map “Ovır and Dir” of the Geological Atlas of Java 
and Madura. 
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and smaller debris, and there are also some small irregular terrace- 
shaped projections. Where the slope is not very steep and on the 
plateau, the lime-stone is often covered with a yellowish clay, EI 
taining more or less humus, & weathering product, no doubt, of 
volcanie ashes fallen in former times. In such places where it ı8 
somewhat protected against the direet action of the rain, this clay, 
impregnated with caleite, can unite with fragments of lime-stone to 
a breceia. Also many bones were wholly or partly inelosed in the 
hardened clay of such & breccia. For the rest they lay in the loamy 
elay, only superficially covered with a calcareous concretion. 

The first find dates from 1889. In the beginning of this year, 
when I was carrying out excavations in caves in the surroundings 
of Pajakombo in the Padang Highlands in Sumatra, Dr. C. Ph. 
Srummer, then at Batavia and member of the board of the “Natuur- 
kundige Vereeniging in Nederlandsch-Indi®’”’, had the kindness to 
send me some fossil bones. These fossils had been found by Mr.B.D. 
van Riwtsonoren when exploring the described lime-stone rocks for 
the establishment of marble quarries '), and had been sent to the said 
Society. Mr. van Rıktschoten thought these bones to be remains of 
“the skull of a man or a manlike animal”. After having prepared 
and joined the very fragmentary remains, I recognized in them the 
not entirely complete skull with right angular part of the lower 
jJaw') and a few other fragments of the skeleton of a fossil man 
greatly devialing from the Malay type. The resemblance with the 
Papuan type seemed closest to me’). 

This important find of Mr. van RıetscHoren induced me to carry 
out excavations near Wadjak the following year. The finding-place 
of the Wadjak skull I appeared to lie near the middle of the deseribed 
part of the mountain slope, and at about 50 meters above the plain, 
in a terrace-shaped projection, formed by blocks and smaller stones 
with breccia and clay ‘). Here parts were found of a second fossil 
skull, Wadjak II, with unmistakably similar characters as the first, 
which, like the first skull, after further preparation, presented an 
even closer resemblance with the Australian of the present time than 


') The marble exploitation company, formerly called “Wadjak”, is now conti- 
nued under the name of “Marmoyo”. 


*) Natuurkundig Tijdschrift van Nederlandsch-Indie. Batavia. Deel 49. (1889), 
p- 209—211. 


- 


®) The rest of the lower jaw and most of the erowns of the teeth of the upper 
jaw must have got lost in the digging. 


*#) I had at first erroneously taken an interstice between blocks for a crevice in 
the rock. 
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with the Papuan !). Besides a large part of the upper jaw and a 
large part of the lower jaw (Fig. 4 to Fig. 7. The existing fragment 
of the right ramus mandibulae is not represented), six loose teeth 
(which are lost in the lower jaw), and several large and small 
fragments of the calvaria, in which the most important morphological 
characters can still be recognized, there were found some pieces of 
other bones of the skeleton and a few fragments of bones of manımals, 
a8 far as can be ascertained not different from species now living 
in Java. All the bones met with were in the same condition of 
fossilisation; all of them were found scattered in a detached, frag- 
mentary state, quite encrusted, for so far as they were not enclosed 
in a breceia, with an irregularly thick, yellowish-grey calcareous 
eoncretion, forming a rough surface and containing some clay. This 
so firmly adhered to the white bony substance Iying under it, that 
it mechanically constituted one whole with it; only the difference 
in colour could serve at its removal. The incrustation was so thin, 
in most places, that the general morphological characters of the bones 
were hardly masked by it. That the specifie weight of the bones of 
these fossil australoid men is high, and the fossilisation very complete, 
is at once perceived when they are taken in the hand; they are really 
heavy and cold to the touch as stone. From the available remains, 
the weight of the whole mandible of the Wadjak man II can be 
caleulated at 230 grams, i.e. about a hundred grams more than the 
maximum of Australian aborigines. Partly tbis greater weight is, 
indeed, to be attributed to the very great size and robustness of the 
fossil mandible, but the specific weight is about 40 per cent. higher 
than that of fresh bone. For the specific weight of powdered cortical 
substance of a femur I find 2.78 at 15° C. The specific weight of 
the cortical substance of recent long bones is 1.98, that of pure caleite 
2.72, of apatite on an average 3.19, which is also about the maximum 
of phosphorite. The fossil bones of Wadjak now contain only a very 
small quantity of organie substance. 

The speeifie weight of the bones of the fossil man of La Chapelle- 
aux-Saints, as deduced from a comparison of weight with recent 
bones of the same dimensions ?), has increased only in the ratio of 
about 1 : 1.20, instead of 1 : 1.40, which is about the ratio for 
the fossil men of Wadjak. This may be partly owing to the more 
favourable eonditions of fossilisation of these latter bones, however 
it certainly points to great age. 

In the absence of direct data for the determination of the geolo- 

1) Verslag van het Mijnwezen, over het Derde Kwartaal 1890. Batavia 1890. 


s), M Boure, L’Homme fossile de La Chapelle-aux-Saints, p. 16. Paris 1913. 
66* 
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gical age — also artifacts were not found — another find u 
Wadjak is of special importance. At the eastern corner of the 
described rectilinear part of the mountain, at a height of about 120 
meters above the plain, in the same kind of breceia and clay and 
again on a small terrace-shaped projection (behind which was found 
the entrance of a cave forty meters long, running ın the shape 
of a U, and almost entirely filled up with the same kind of clay, 
in which nothing of any importance was found), I dug up some 
parts of a human skeleton in the same year, which are in a very 
different state of fossilisation, and have a quite different anthropo- 
logical character. It is also certain that these remains were worked 
as skeleton by a human hand, for the outer surface of the eranial 
bones (not the inner surface), the teeth, and also other bones were 
painted red with a firmly adhering ochre-layer. After this the bones 
must have been broken, for the fragments were encrusted and partly 
enelosed in breccia, in a similar way as those of the two Austra- 
loids. They are however much less petrified and specifically lighter 
than these. Besides, the skull was distinetly brachycephalie, in contrast 
with those dolichocephalie australoid skulls. As this fossil man is 
certainly prehistorie, the bones of two others, fossilized under similar 
eircumstances, but to a very much higher degree, must probably 
date from Plistocene time. 

The presence of human reınains from very different periods may 
be attributed to the eircumstance that this mountain slope belonged 
to the shore of a lake abounding in fish‘), the fact that the bones 
are broken in so many places may be accounted for in this way, 
that in times Iying widely apart, first the two proto-Australians living 
there, and much later the skeleton placed before the cave which 
was probably inhabited, were buried and erushed under falling stones 
and rubble, possibly in earth-quakes. In the lime-stone mountains of 
Sumatra I a few times witnessed elose by the imposing phenomenon 
of the spontaneous fall of lime-stone rock and rubble, and also once 
in the Gunung Kidul (Southern Range) in Java. The large quantity 
of rubble, at the foot and against the slope of these mountains, bears 
witness to the frequency of the stone-falls. The fragmentary character 
of the parts of the skeleton cannot be attributed to cannibalism ; the 
fractures are too numerous. The lower Jaw of Wadjak II, a very 
strong bone, was, for instance, broken into at least five large pieces. 
The fact that in both cases the remains were found on a flat 


') Galcareous waters abound in fish as a rule. The Räwi Bening does so 


still, ‚and Ihe number of water-fowl is enormous; it is also paradisieal through its 
uxuriant vegetation. 
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part of the slope under a preeipice, and the eircumstance that 
Wadjak I, to all appearance a woman, accompanied Wadjak II, 
who was certainly a-man, that also the skeleton was crushed on 
the other flat part, in the front of the cave, are facts that quite fit 
in with the other interpretation of the fragmentary state of the bones. 
For the same reasons Carnivora (Tiger, Adjag) cannot have broken 
the bones either.. It is further easy to understand that in the progress 
of the natural change of the mountain slope, many parts of the 
crushed skeleton were lost. 

The skull of Wadjak I is partially filled up with breccia mass, 
and defective in some places; a.few bones have also been slightly 
dislocated. Consequently some measures can only be taken indirectly, 
others not at all. After some correction, the former can generally, 
i.e. when the amount of the dislocation is measurable, still be deter- 
mined with suffieient certainty. 

The general form and the prineipal dimensions at once show that 
we have to do with a type deviating altogether from the Malay 
race. This is already evident on comparison of the norma lateralis 
with that of a typically Javanese skull placed at the same auricular- 
bregma line (fig. 1). For further comparison with our fossil skull, 
as far as its morphological characters are concerned, only the 
Papuan (in general the Melanesian), the Australian, and the Tas- 
manian are evidently to be taken into consideration, a group, which 
morphologically has a great number of characters in common. That 
the Wadjak man is no more closely related to Homo neandertalensis 
than those recent human types needs hardly further demonstration 
nowadays.') 

The fossil skull of Wadjak I is large, exceptionally large for a 
woman, to whom it probably belonged (from the comparison witl 
Wadjak II). The greatest length of the calvaria is 200 mm. This 
is probably never attained by female representatives of the said 
recent races of man, hardly ever by male Australian skulls (Turner) ?), 
and exceeded by very few by a few millimeters (Duckworrn) ?). 


ı) Cf. M. Boutze, L’Homme fossile de La Chapelle-aux-Saints. Paris 1913. 
Extrait des Annales de Paleontologie. (1911—1913), p. 231 et seq., and also the 
treatise by Berry and Roserrson, the last-mentioned paper of note (#4), p. 171 
et sec., and A. KeırH, The Antiquity of Man, Chapter VIII. London 1920. 

») W. TURNER, Report on the Human Crania and other Bones of the Skeleton. 
Challenger Reports, Vol. X. (1884); Vol. XVI. (1886). 

s) W. L. H. Duckwort#, A Critical Study of the Collection of Crania of 
Aboriginal Australians in the Cambridge University Museum, Journal of the Anthro- 
pological Institute of Great Britain and Ireland, Vol. XXIII. (1894), p. 284, and 
Notes on Crania of Australian Aborigines. Ibid., Vol. XXVI. (1897), p. 204. 
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The greatest breadih is 145 mm. (measured directly, Pa the’ 
necessary correction 150 mm.), the basi bregmatie height is 140 mm. 
These measures, too, are near the maxima of the comparable group. 
For the length-breadth index 72.5 is thus found, for the length-height 
index 70, for the breadth-height index 96.7. Accordingly the skull 
is dolichocephalie and tapeinocephalic [Fig. 2. Norma frontalis, and 
Fig. 3. Norma verticalis]. : 
Aceording to the records of BerrY, ROoBERTSON, STUART ÜROSS, and 
Büchner ') these cranial measures, minima, means, and maxima 
for 100 Australians, 86 Tasmanians, and 191 Papuans (unsexed), 
in millimeters, and the mean. indices, with which I compare Wadjak 


I, were as follows: 
TE EEE tn 


Australians Tasmanians | Papuans Wadjak I 


8 PT 


MaximumCranialLength) 164 181.8 199 | 163° 180.3 108) 152.177. 75197 200 
Maxim. Cranial Breadth! 120 130.7 143 |125 135.1 145/112 128.4 146 145 
Basi-Bregmatic Height | 115 129.7 144 |117 130.3 140/118. 131.7 143 140 


Length-Breadth Index 71.75 14.94 . 712.54 12,5 
Length-Height Index 711.38 12.19 74.41 70 
Breadth-Height Index 99.65 96.33 102.56 96.7 


From this appears the close resemblance with this group of 
modern human types. The approach is elosest to the Australians 
and the Tasmanians, least so to the Papuans. This applies also to 
other morphological characters of the cranium. The cranial vault 
has the characteristic rooflike appearance of Australian skulls, and 
the side-walls are almost vertical (Fig. 2 Norma frontalis), but the 
height of the cranium is nevertheless comparatively small; the 
glabella and superciliary ridges are very pronounced; the forehead 


l) A. W. D. Roperrtson, Craniologieal Observations on the Lengths, Breadths and 
Heights of a Hundred Australian Aboriginal Crania. Proceedings of the Royal 
Society of Edinburgh, Vol. XXXI. (1912), p. 1. — RıcHArp J. A. BERRY and 
K. STUART Cross, A Biometrical Study of the Relative Purity of Race of the 
Tasmanian, Australian and Papuan. Ibid., p- 17. — RıcHaro J. A. BErRY and 
A. W. D. Roserrson, The Place in Nature of the Tasmanian Aboriginal as Deduced 
from a Study of his Calvarium. Part I. His Relations to the Anthropoid Apes 
Pithecanthropus, Homo primigenius, Homo fossilis and Homo sapiens. Ibid. p. 41. 
_ L. W.G. Büchner, A Study of the Gurvatures of the Tasmanian Aboriginal 
Cranium. Proceedings of the Royal Society of Edinburgh, Vol XXXIV.. (1914) 


p. 128. — RıcHarn J.. A. Berry and A. W. D. Roperrson, The Place in Nätu 
of the Tasmanian Aboriginal as 


His Relation to the Australian Ab 


re 
Deduced from a Study of his Calvaria. Part Il. 
original. Ibid., p. 144. 
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is more receding; the orbits are low in comparison with their 
breadth (in all these respects Wadjak II still exceeds the first found 
skull); the nasal bones are little prominent; the upper jaw is more 
prognathous, and the floor of the nasal cavity passes gradually into 
the ineisive region; there is even an almost perfect sulcus praena- 
salis (“Affenrinne”) at both crania; the lower jaw is exceedingly 
strong and the chin more pronounced. In all these characters the 
fossil eranium is still somewhat nearer the Australian. 

Berry, Ropketson, and Stuart Cross have deeisively shown, appa- 
rently, that the present Papuan type is the least pure of the three 
types mentioned, and, in their opinion, also the Australian is a hete- 
rogeneous type, a view which was already accepted by many 
anthropologists, contra SCHOETENSACK, KLAATSCH!) and some others. 

BERRY supposes that a primitive Papuan race may be the common 
stock type of the Tasmanian, who has remained purer, but varied 
during the long time of his isolation, and also of the Australian 
aboriginal, who is the result of the cross between Homo tasmanianus 
and some unknown other race’). 

&. Sersı?) assumes as the common stock type a primitive Aomo 
tasmanianus, characterized by roof-like elevation of the sutura 
sagittalis and lateral flattening of the cranial walls (lophocephaly), 
who not improbably would have coıne from the American continent, 
across the Pacific Ocean, in early Plistocene, or even late Pliocene 
times. In Tasmania he then changed to the recent Tasmanian, whom 
Sersı proposes to call Aesperanthropus tasmanianus. In Australia, 
also according to Sersi, crossing of the Aomo tasmanianus took 
place with another, as he supposes, Polynesian element, from which 

arose the Australian aboriginal of to-day. 

It seems to me that the fossil Zomo wadjakensıs of Java, who 
in some respects possesses more “primitive” characters of the cranium 
and the lower jaw than these present races, may be considered to 
be such a stock type. He must then bave wandered eastward from 


1) O, Schortensack, Die Bedeutung Australiens für die Heranbildung des Menschen 
aus einer niederen Form. Zeitschrift für Ethnologie. Jahrgang 23. (Berlin 1901), 
127. ’ 
i en KıaatscH in "Weltall und Menschheit”. Band II. Berlin 1902. — H. Kraatscn. 
The Skull of the Australian Aboriginal. Reports from tlıe Pathological Laboratory 
of the Lunacy Department. New South Wales Government. Vol. I, Part 3. Sydney 1908. 
2), Rıcnarn J. A. Berry, A Living Descendant of an Extinct (Tasmanian) Race, 
Proceedings of the Royal Society of Victoria. Vol. XX. (New Series). Part. 1.1897. 
Cf. also Proceedings of the Royal Society of Edinburgh. Vol. XXXIV. (1914), p. 186. 
s) G. Serci, Tasmanier und Australier. Hesperanthropus tasmanianus spec. 
Archiv. für Anthropologie. Neue Folge, Band XI. (1912), p. 201. 
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Asia. Though the resemblance to the recent Yasmanian is certainly 
no less than to the present Australian, I have introduced him ‚tere 
as proto-Australian, , because the autochthone of the smallest content 
is mostly considered as the principal type of the group. This resem- 
blance and this “primitive” state may further appear from the more 
detailed comparison and description. 

As regards the form of the calvaria in the first place, Berry and 
others, with the aid of determinations of minima, means, and ınaxima 
for erania of Australians and Tasmanians, find what follows: 


‚ Maximum Cranial Length 
. Glabella-Inion Length 

. Calvarial Height 

. Calvarial Height Index 


. Distance of Foot-Point of Calvarial Height from 


Glabella 


. Distance Bregma Foot-Point from Glabella 
. Calvarial Height Foot-Point Positional Index 
. Bregma Foot-Point Positional Index 

. Breadth-Calvarial Height Index 

. Nasion-Bregma Arc 

. Nasion-Bregma Chord 

. Glabella-Lambda Chord 

> Glabella-Bregma Arc (Frontal Arc) 

. Glabella-Bregma Chord 

. Greatest Distance Frontal Arc to Chord 

. Index of Frontal Curvature 

. Bregma-Lambda Arc (Parietal Arc) 

. Bregma-Lambda Chord 

. Greatest Distance Parietal Arc to Chord 

. Index of Parietal Curvature 

. Glabella-Bregma Angle (BGl). 


. Frontal Curvature (Glabella-Bregma Frontal 


Angle) 


. Parietal Curvature (Bregma-Lambda Parietal 


Angle) 


Australians 


164 

162 
19.5 
44.9 
88 


12,9 
109 
98 
17 
15.3 
49° 


123,50 139.6° 


1252 


199 
196 
108 
61.5 
123 


181.8 

179.5 
95.1 
53 

101.1 


61.2 
56.4 


14 
65.3 
34.1 
712.7 
126.8 
110.9 
178.7 
110.2 

108 
19.6 
18.1 

125.9 

114 6 
23.2 
20.2 
54,89 


38.8 
85.4 
143 
124.5 
194 
128 
121 
28 
24.5 
147 
137 
30.5 
25.2 
60° 
153° 


135.7° 145° 


Tasmanians 


163 180.3 198 
157 173.1 188 
87 97 108 
483 56.1 62.7 
85 101.9 115.5 
43 587 7185 
53.1 59 64.8 
25 34 406 
659 722 79.2 
113 126 143 
97 109,5 120 
162 173.2 189 
90 111.9 125 
87 105.2 118 
10 189 35 
103 717190 233 
112 1258 145 
9 113 127 
197 SER 
173 206 247 
51.50. 560 640 


131.5° 139.5° 149° 


125.5° 134.3° 141.50 


Wadjak I 


2 see 
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Taking the dimensions of the fossil eranium into consideration, 
the deviations from the Australians and Tasmanians are mostly slight. 
Then the glabella-inion length, just as the glabella-lambda chord, 
presents in proportion to the maximum cranial length, the closest 
agreement with the Tasmanians, the calvarial height index with the 
Australians. Both the glabella-lambda line and the glabella-inion line 
are, with regard to the maxium cranial length, shorter in Tasmanian 
and in Wadjak I than in the Australian. This is in connection with 
the bulging out of the oceiput. The latter is still more strongly 
pronounced in Wadjak II, so that the lobus oceipitalis of the 
cerebrum ended more or less pointed. | 

An important difference consists in this that the top of the calva- 
rial height (N’. 7 of the Table) lies relatively much more dorsally 
in the fossil man of Wadjak I than, on an average, in those recent 
races, particularly the Australian race. This means that the frontal 
part of the cranium was comparatively low vaulted, which also 
appears from the smallness of the index of frontal curvature (N°. 16), 
and the considerable value of the angle of frontal curvature (N*®. 22). 
It is noteworthy that in all these respects the fossil cranium comes 
as near, or nearer, to that of the Tasmanian as to that of the 
Australian. 

The comparatively lesser development of the frontal part of the 
eranium may also be inferred from the measure of the minimum 
frontal breadth; this is only 99 mm. for the Wadjak eranium, with 
a maximum length of 200 mm. (in the second cranium, which was 
certainly still longer, 101 mm.), while in Australian crania the 
maximum is 104, and the mean 98, according to Duckwortn’s 
measurements, and Turner even met with a maximum of 108. 
This latter went together with the greatest capacity found by Turner 
in Australian erania, 1514 cm.’ '). 

This relatively lesser development of the frontal part must have 
an unfavourable influence on the capacity of the cranium, as actually 
appears in the capacities of Australian crania, found by direct 
measurement. 

Nor may the unfavourable influence on the capacity of the roof- 
like elevation, in comparison with equally high crania with rounded 
vault, observed in Australian erania, be neglected, when the capacity 
of Wadjak I has to be estimated, though it cannot be very great here. 


}) Challenger Reports. Vol. X. (1884). Also in 1897 (Some Distinctive Characters 
of Human Structure. Toronto Meeting of the British Association for the Advan- 
cement of Seience) TURNER had not found a greater capacity among 63 Australian 
skulls than 1514 em? of that cranium of Port Curtis in Queensland. 
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The length of the basis of the eranium, the basi-nasal line, measures 
107 ınm. DuckwortH found as a mean of 26 male Australian skulls 
101 mm., of 5 female skulls 95 mm., and as maximum 109 mm.; 
Frower ') found 102.5 mm. for 22 male Australian skulls, 100 mm. 
for 9 male Tasmanian skulls, and 95.5 mm. for 14 female Austra- 
lian and also for 4 female Tasmanian skulls. The proportions of 
this dimension to the prineipal other dimensions of the fossil skull 
do not deviate from the recent ones; this cannot be a cause of 
deviation of the capacity. 

Taking all this into consideration, and paying attention to the 
thiekness of the eranial walls, which is 10 mm. near the bregma 
in Wadjak I, the capacity of the fossil eranium can, in approxima- 
tion, be caleulated from its length, breadth, and height. 

Applying the methods of Manxouvrier ?), of Lee °), and of Frorıep *) 
I find, taking the above mentioned points into consideration, that 
the capacity of the Wadjak I skull probably amounts to about 
1550. em.?. 

This is a high capacity in comparison with that of the Austra- 
lians and Tasmanians. Turser (1897) determined the mean of male 
Australian erania at 1280, and the maximum at 1514 cm.’, of 
female crania the mean at 1116 cm.’ and the maximum at 1240 
em.’. The Tasmanian race had a capacity perhaps 50 cm.” higher. 
- Probably the Wadjak men were taller, at least heavier, than their 
thin Australian descendants, so that they did not exceed these modern 
races in the relative development of the neurocranium to the 
splanehnocranium. 


-) W. H. FLoweEr, On the Size of the Teeth as a Character of Race. Journal 

Anthrop. Institute of Great Britain and Ireland. Vol. XIV. (London 1885), p. 188. 

?) L. MAnoUVRIER, Sur l’indice cubique du cräne. Association frangaise pour 
l’avancement des Sciences, 1880, p. 869. — The mean coeffiecient 1.2 for male 
Polynesians, Australians ete. was used, and the capacity calculated in Broca- 
measure was reduced to real oapaeity. 

3) Auıcr Leer, A First Study of the Correlation of the Human Skull. Philo- 
sophical Transactions of the Royal Society of London. Series A, Vol. 196. (1901), 
p. 225—264. Formulae and Tables, p. 243—247. The auricular height, which is 
a necessary factor in these formulae, is 122 mm. in Wadjak I. The formula 
(p. 243) for the male Naqada-Egyptian crania was used, with which the similarity 
in form is relatively greatest (cf. chief dimensions p- 246). 

*#) A. Frorıep, Ueber die Bestimmung der Schädelkapazität durch Messung und 
Berechnung. Zeitschrift für Morphologie und Anthropologie. Band 18, p. 347. (1910).. 
An equal result is also obtained by the method of H. WELCKER (Die Kapazität 
und die drei Hauptdurchmesser der Schädelkapsel bei den verschiedenen Nationen. 
Archiv für Anthropologie. Braunschweig 1886. Band 16, p. 1), after some modi- 
fications of the chief measures required by the particular shape of the fossil skull. 
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To estimate this relative development Arrnur Keıru!) has intro- 
duced the comparison of the capacity with the “palatal area”, this 
area being the space bounded by the outer margins of the erowns 
of the teeth in the upper jaw and a line joining the posterior margin 
of the upper third molar teeth. He found this area of the upper 
dental arcade for a female chimpanzee skull, of a capacity of 320 
em.’, equal to. 36,5 cm.’; hence to 1 cm.’ of palatal area came 
8.7 cm.’ of brain capacity. The upper palatal area of a Tasmanian 
skull was 36.8 cm.’, the capacity of this skull was 1350 em.', 
which gives a ratio of 1:36.7. For the Homo neandertalensis of 
Gibraltar*) Kesır# found for these values 31.6 cm.’ and 1200 em.*, 
and the ratio 1:38, but for the Aurignac-ınan of Combe-Capelle the 
ratio is 1:53, about that of modern Englishmen, viz. 1:56.3, 
with 26.6 cn.” palatal area and 1500 cm.? capacity. 

With pretty great accuracy — as only the erowns of the ineisors 
and the crown of the right m, fail — the palatal area of the 
Wadjak-man II may be determined at 41.4cm.’. That of Wadjak I, 
in which only few tooth-erowns have been left, measures about 
35 cm.’ Through its relatively small size this palate presents a 
striking difference from that of Wadjak Il, which is one of the 
characters that lead me to assume that the first found fossil remains 
belonged to a woman, the second to aman. Other female characters 
of Wadjak I are: the more reduced form of the teeth (the upper 
m, and m, are almost perfectly three-cusped), the smaller dimensions 
of the comparable parts of the skull, though not in the same degree 
smaller as the palate, the less pronounced superciliary ridges and 
the forehead that does not recede so much, the orbits which are 
higher with respect to their breadth, the somewhat slighter develop- 
ment of the musele attachments, the more rounded form of the 
oceiput, the somewhat slighter lophocephaly and dolichocephaly, in 
so far as the latter can be judged from the fragments of the second 
skull. 

If for the fossil woman of Wadjak 44.3 cın.? brain capacity comes 
to 1 cm.? of palatal area, it may be assumed that for the man, who 
had a much larger palate, but probably also a larger neurocranium, 
this ratio was smaller. Putting his eranial capacity 100 cm.’ higher 


1) ARTHUR KEITH, The Antiquity of Man. (London 1920), p. 97, 151, 328. 

2) For the Homo neandertalensis of La Chapelle-aux-Saints I caleulate an upper 
palatal area of 38 cm? after the reconstructive drawing of Bovze, which with 
1626 cm® Broca- or 1530 real cranial capacity yields the ratio 1:40.3. But the 
normal palatal area may have been somewhat larger than that of this man, who 
had early lost his teeth for the greater part. 
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than that of the woman, which is a plausible estimation, I find for 
him the ratio 1 : 40. Thus much appears, at any rate, with certainty 
that as regards the comparative size of the two chief parts of the 
skull, the neurocranium and the splanchnocranium, Homo wajaken- 
sis resembles those most primitive recent human types, and also the 
Plistocene Homo neandertalensis. 

In many more respects there is unmistakable resemblance between 
Homo wadjakensis and the recent Australian group of races. But he 
also presents deviations from this group, which are certainly partly 
due to a more “primitive’”’ condition. 

Both these points may further appear from the description of some 
other characters. 

The strongly marked glabella and superciliary ridges, also of the 
woman of Wadjak, though not in the same degree as of the man, 
are certainly australoid characters, but the supraorbital borders and 
also the lateral orbital borders are somewhat less massive and rounded 
than in the Australian erania. The heiglıt of the orbit is 33 mm., the 
breadth 42 mm. in Wadjak I, so that the orbital index is 78.6. For the 
male cranium these dimensions and index are 30, 40, and 75; it 
is remarkable that the orbit is smaller in the man, but the lower 
index for the woman presents an important sexual difference 
in the Australians, according to Turner. He found for the mean 
orbital index of Australian crania 84, for that of twenty men 81.4, 
and of nine women 90; Frower in fifty-one Australian crania 
a mean index of 80.9, Quatrefages and Hamy in thirty-one 
crania a mean index of 78.8. The inter-orbital breadth of Wadjak 
II is at least 29 mm. Turner found as mean of male Australian 
crania 24.5 mm., and as maximum 28 mm. 

The root of the .nose is deeply sunk (most in Wadjak IN), and 
the bridge of the nose is very flat, rounded from side to side. 
The apertura piriformis of Wadjak I measures across 30, (Wadjak 
II 32), the height is 27 mm., to which corresponds the index 111. 
In Australian crania this index rauges between 82 and 130 according 
to KraatscH; in European crania it is on an average 70. The spina 
nasalis is short and blunt. The nasal height is 50 in Wadjak I, the 
nasal breadti 30 mm. (in Wadjak II 32), the nasal index 60. In 
Australian crania the following values were found as means for 
this nasal index: 57.9 by Quatkeraces and Hamr (N = 31), 56.9 by 
Frower (N=31), 53.4 by Tunser (N— 29), 55.6 with the maxi- 
mum 65.1 by Duckwort# (N — 38) 

The sides of the nasal aperture are not sharp-edged, but, as 
generally in Australian skulls, blunt and rounded off, especially near 


G. DUBOIS: “The Proto-Australian Fossil Man of Wadjak, Java”. 


PLATE 1. 


roceedings Royal Acad. Amsterdam. Vol. XXI. 


PLATE Il. 


Fig. 4. Higr >. 
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the floor of the nose. The more or less direet continuity of this floor 
into the ineisive region, which is frequently found in Australian 
skulls, is a perfect one in Homo wadjakensis; from the outer edge 
of the nasal aperture a linear elevation continues on to the latter 
region, curved downward and inward, which is lost at 6 mm. below 
the nasal floor. This is a transition form between the infantile type 
of the lower edge of the nasal aperture and the sulcus prae- 
nasalis of the Anthropoids, which may be designated as “Affen- 
rinne”, and which is undoubtedly in connection with the strong 
alveolar prognathism of Homo wadjakensis '). The other prognathism, 
which is indicated by the relative lengths of the basi-alveolar and 
basi-nasal lines, FLower's “gnathie index”, which he found to be 
103,6 on an average in Australian skulls, while Turner met with 
a (female) minimum of 92, and a (male) maximum of 108, cannot 
be accurately determined in Wadjak I; it can, however, be indi- 
cated by the index 91 approximatively. The smallness of this index 
strengthens me again in the conviction that the first found fossil 
skull must be considered as female. The alveolar prognathism (Fig. 1. 
Norma lateralis of Wadjak I and Fig. 4. Upper and lower jaw of 
Wadjak Il) is not slight. 

A character which peculiarly distinguishes Homo erdjaltene is 
the extraordinary great breadth of the dental arcade in the upper 
jaw, compared with its length. (Fig. 6). The maximum width between 
the outer edges of the crowns of the 2"d upper molar teeth is 81 mm. 
for Wadjak II, 71 mm. for Wadjak I. The length of the row of 
five molars, Frower’s “dental length”, is only 50 mm. at the male 
skull, and 47 mm. at the female skull. In Australian skulls Turner *) 
found as maximum of width on the second upper molars 73 mm., 
‘as maximum of dental length 51 mm. In the fossil Wadjak men 
the breadths are to the lengths as 1.62 and 1.51 :1. The palato- 
maxillary breadth agrees about with the greatest breadth over the 
molars. It is 82 mm. in Wadjak II, and 70 mm. in Wadjak I. 
These breadths are to the dental lengths as 1.64:1 and 1.49.1. 
DuckwortH determined the average of the palato-maxillary breadths 
of eleven male Australian skulls at 64.9 mm., and the mean dental 
length at 46.4 mm.; these dimensions are to each other as 1.40:1. 


1) Cf. for these forms of the lower edge of the apertura piriformis : Ruporr 
Marrın, Lehrbuch der Anthropologie. Jena 1914, p. 845 el seq. 

2) Sir Wıruıam Turner, The Relation of the Dental Arcades in the Crania of 
Australian Aborigines. Journal of Anatomy and Physiology. Vol. 25.141891), 
p. 461—472. P. Anıorr (Das Gebiss des Menschen und der Anthropomorphen, p. 28. 
Berlin 1908) found for this dimension on the maxilla of a Melanesian 75.5 mm. 
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In a female skull these dimensions and ratio were 65 mm., 46 mm. 
and 1.37:1. Greatest, viz. 1.52:1, was the ratio of a male skull 
with 70 mm. palato-maxillary breadth, and 46 mm. dental length. 
The mean. dental length, determined by FrLower') from twenty-two 
male Australian skulls, was 45.9 mm., and from fourteen female 
skulls 44 mm., from nine male Tasmanian skulls 47.5 mm., and 
from four female skulls 44 mm. 

Frowsr’s dental index (dental length X 100: basal length) was 
448 for Australian, and 47.5 for Tasmanian male skulls, 46.1 for 
Australian and 48.7 for Tasmanian female skulls. At the skull of 
Wadjak I this index is 44, hence the dental length’ is relatively 
small, probably still smaller in Wadjak Il. 

The breadth between the outer margins of the 2"! upper molars 
at the fossil skull of Gibraltar is 71 mm. according to Krırn, the 
dental length, from his drawings (mean of left and right row of 
teeth) 45 mm.?. The breadth is to the length as 1.57:1. Almost 
perfeetly the same ratio, 1.56:1 for 75 mm. breadtli and 48 mm. 
dental. length, is presented by the upper dental arcade of the fossil 
man of La Chapelle-anx-Saints in tbe reconstruction of BouLr?). 
Accordingly Homo wadjakensis resembles Homo neandertalensis in 
this large relative breadth of the upper dental arcade. 

This, however, holds only for the greatest breadth (measured at 
the molars) of the upper dental arcade; the form of this arcade is 
very difierent. Whereas the curvature of the arcade of the Neander- 
tal Man continues regularly forward, the arcade curve of the upper 
teeih of Homo wadjakensis, especially of the male individual, changes 
its form anteriorly to the molars. The three molars lie in a 
parabolie line of greater parameter, the foremost half of the teeth 
row (the praemolars, canini, and ineisivi) in a similar line of smaller 
parameter, so that for the row of the molars the dental arcade 
narrows, but not gradually. The parabolie line of the foremost half 
of the dental arcade departs only little from the almost uniform 
line, in which ‘the whole dental arcade of the lower jaw lies. In 
fact, the front half of the dental arcade of the upper jaw projects 
little at the praemolars (of course not at all at the ineisivi) beyond 
that of the lower Jaw; the upper molars, however, project greatiy 
outside the lower molars. The width between the outer margins of 


!) FLOWER, l.c., p. 186. 
2) Keira, l.c., p. 149-151. 


%) Marckıum Bouur, L’Homme fossile de la Chapelle-aux-Saints. Extrait des 


Annales de Paleontologie. (1911—1913). Paris 1913, p. 100, fig. 60. The dental 
index (FLOWER) was only 38. ' 
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the lower 2rd molars is only 69 mm., the arcade in the upper jaw 
being 12 mm. wider there than in the lower jaw, (in Australians 
— which race surpasses others in this respect — TURNER found as 
maximum 8 mm.). The consequence of this remarkable relation be- 
tween the two dental arcades is that the lingual eusps of the erowns 
of the molars in the upper jaw have been worn off obliquely from 
inside and above to outside and below on the buccal cusps of those 
in the lower jaw, while on the other hand in the upper jaw the 
buccal cusps, in the lower jaw the lingual eusps of the crowns of 
the 2nd and 34 molars are worn off very little, if at all, and the 
erowns of the 1° molars at least unequally on the buccal and 
lingnal half, the lower ones very obliquely. 

Dental arcades resembling the deseribed type, though perhaps not 
so pronounced, are not seldom met with in Australian and also in 
Malay skulls; but the type of the Neandertal Man is an entirely 
different one. Also the molar half of the upper dental arcade projects 
but little outside that of the lower jaw; the two arcades have the 
same shape, and cover each other much more, and the wear of the 
erowns takes place over the whole grinding surface more equally, 
horizontally. It may be assumed that the food of Homo neanderta- 
lensis was of a different nature from that of Homo wadjakensis and 
of the Australians. This race lives chiefly on animal food; very 
probably the mode of living of Homo neandertalensis was more 
vegetarian. In connection with this it is of importance that in an 
examination with X-rays, made with the collaboration of my brother, 
Dr. V. Dwusors, it was found that the teeth of Homo wadjakensis 
possess roots and pulp-cavities that agree in form and size with the 
Australian type, and depart entirely from the taurodont type of the 
Neandertal men. 

The following remarks about the most important characters of 
the teeth and the mandible may now precede a further discussion. 

On the whole the teeth are large, though they are still surpassed 
by those of many Australians. The 2"4 and 3'4 upper molars present 
reduction phenomena, especially in Wadjak I. 

The mandible (Fig. 7 and Fig. 8) is a very strong bone, 'clearly 
built according to a type resembling a common Australian one. The 
»orpus mandibulae is, pretiy uniformly, high (40 mm. at the symphysis 
of Wadjak II. Average of 7 Australians 33 mm., maximum 42 mm. 
according to Frızzt‘)) and thick. The ramus is very broad (at the 


1) E. Frızzı, Untersuchungen am menschlichen Unterkiefer mit spezieller Berück- 
sichtigung der Regio mentalis. Archiv. für Anthropologie. N. F. Band IX. (1910), 


p. 252—286. 
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narrowest place 46.5 mm. in Wadjak II. For 7 Australians, according 
to Frızzı, tlıe breadth is on an average 37 mm., maximum 40 mm.). 
This applies partieularly to the mandible of Wadjak II, which l 
consider as male, but to a certain extent also to the other mandible, 
of which only little is preserved. 
The symphysial or mental angle (between the infradental-pogonium 
line and the base line) measures 96°. Though there is a strongly 
developed protuberantia mentalis, yet the perpendieular dropped 
from the infradental point or ineision, falls 3 mm. before its most 
projecting point, the pogonium. When this projeetion, which makes 
the impression of being a separate formation, is thought eliminated, 
the angle of the chin would be 102°. The other symphysial or mental 
angle, that witlı regard to the alveolar line, measures 80°. It would 
attain 86°, when the protuberantial swelling did not exist. For the 
Neandertal-mandibulae, which possess no or very small protube- 
rantia, the angle is still considerably greater. La Naulette 94°, Spy 
106°, Mauer 105°. From seven Australian mandibles Frızzı (like 
WELcKER from fifteen) found a mean of 83° for this angle, the maxi- 
mum was 94°. But this greater angle of the Australians is also 


partly owing to the mostly slight development of the protuberantia 


mentalis. The true angle of inclination of the corpus mandibulae at 
the symphysis (without that projection), can yet be called peculiarly 
great in Wadjak II. Hence Frızzıs “Korrekturvertikale’” i.e. the 
perpendicular drawn to the alveolar border line, close along the 
deepest point of the chin concavity, only just interseets the protu- 
berantia of Wadjak II. Noteworthy of this fossil mandible is 
further the relatively thin inferior border or base, and the situation 
of the small fossae digastricae, behind this border, 23 mm. apart 
from each other, reminding of the condition of Hylobates syndactylus. 
In comparison with the dentition of the Wadjak Man, another 
find may be mentioned of a fossil man related to the present 
Australian race, the skull of Talgai in Queensland, Australia, which 
was discovered in 1884, mentioned by T. W. E. Davıp and 
J. T. Wırsox ') in 1914, and elaborately deseribed by STEWART ARTHUR 
SMiTA ’) in 1918. This skull of a “male youth” (for m, was still 
unerupted), though cracked in situ into numerous fragments, which 
are more or less considerably dislocated, but held in position by 
thin layers of calcareous earthy matrix cementing them together, 
1 .,. er . ; 
Weste 0610. p. Bates Ci le Rate Laterne sine Syaney 
?) STEWART ARTHUR SmitH, The Fossil Human Skull Found at ” 


land. Philosophical Transactions of th 
pp. 851—387. 7 Plates. Londen 1918 


ound at Talgai Queens- 
e Royal Society of London. Series B, Vol. 208, 


a At 
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the condition resembling a coarse mosaic, can yet be clearly recog- 
nized as not deviating, in its general features, from the present ab- 
original Australian skull. The eranium as a whole, and the palatum, 
however, hardly admit of any reliable measurements. They could 
still be made at the tooth-erowns, each in itself, but most of them 
have more or less receded from each other; the apparent palatal 
area thus considerably exceeds the real, which, in my opinion, 
was no larger than that of the Australian native of present times. 
SMITH supposes that the (upper) canine tooth, in an analogous way 
as in the dentition of Apes, though without a true diastema in 
the maxilla, penetrated, almost ape-like, with its apex between 
the lower canine and the lower first premolar. In my opinion 
there is reason to doubt this, on the ground of a comparison 
with the teeth of Wadjak II. The facets on the upper canine, 
which have been described by Sumıra (loe.eit. p. 374 et seq. and figures 
6, 21 and 22) and considered by him to have been caused 
by the projecting between the said teeth in the mandible, 
are identical in their position with facets on the upper canine in 
the Wadjak maxilla. One of them, on the distal (posterior) surface, 
can be elearly recognised as interstitial contact facet (Zsıc- 
MoxpY) with the first premolar tooth (in the maxilla). The other 
placed on the lingual slope of the narrow margin of the mesial 
surface, by the side of the interstitial contact facet on the mesial 
surface caused by the contact with the lateral ineisor tooth, is to be 
recognised, by comparison with Wadjak II, as belonging to the 
general wear of the masticatory surface. In his reconstruction (Fig. 4) 
SmitH lowers the upper canine tooth to nearly 7 mm. below the 
level of the mesial margin of the upper premolar, till the upper 
border of its crown gets very nearly on a level with the upper border 
of the erown of the premolar. Erroneously, for the erown-border 
of such a large upper canine tooth as the Talgai canine, is always 
considerably above the level of the crown-border of the upper pre- 
molar; in the maxilla of Wadjak Il the distance is 3 mm. The 
upper canine, therefore, cannot have projected so far downward as 
is required according to SmitH’s interpretation of the distal (posterior) 
facet. The canine tooth of Wadjak II, which strikingly resembles 
that of Talgai, is also equally broad as the latter, and if its wear 
were as little advanced as that of the canine of the boy of Talgai, it 
would no doubt be as pointed and little shorter than the latter. 

If for those reasons I cannot agree with Smit# in ascribing to the 
fossil skull of Queensland, which indeed he too considers as typically 
Australian, “characters more ape-like than have been observed in 

67 

Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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any living or extinet race, except that of Eoanthropus”, this skull 
is nevertheless of great importance, because several eircumstances, men- 
tioned by Smirn along with his valuable description, gO Io show that the 
aboriginal Australian with Canis dingo already lived, in the smallest 
continent, by the side of now extinet Marsupialia, which are generally 
considered as Plistocene. As the said species of the true Canis genus, tlıe 
only large Placental Manımal of Australia besides Man, has most probably 
come with the latter from East-Asia, the find of Talgai throws also 
some more light on the. geological age of the fossil Man.of Wadjak. 

But the “Talgai Man” does not at all indicate a nearer approach 
to the common ancestor of modern mankind than do the Australian 
aborigines of the present time. 

If, however, the Australians may justly be considered as the most 
“primitive”, the “lowest” type, i.e. tbat of living races of Man 
resembling most elogely the common stock-type, it might have been 
reasonably expected that the real predecessor of humanity would 
be found in their fossil ancestors; unless the Australian type was 
evolved already long ago and has since remained unchanged. 

‚On account ofthe unmistakable morphological resemblance, also of 
the geographical relation and the antiquity, the fossil man of Wadjak 
may certainly be considered as an ancestor of the present Australian 
racial. group, a proto-Australian. The geographical relation is obvious, 
and though there are no direct data for the determination of the 
geological age, this must certainly be considerable; several .indireet 
data which I have mentioned, render it probable that a rather early 
place in the Plistocene period may be assigned to our fossil Man. 

The expectation, however, to find in him a distinetly lower type 
than the Australian of the present time, has not been realised, for 
this ancestor had reached the same stage in the evolutional scale 
as the living race, at least almost. k 

Striking are the many points of resemblance on the skull and 
the lower jaw of the Wadjak Man with the Australian group, especi- 
ally the aboriginal of the largest insular country. The differences 
may nearly all be attributed to more vigorous development and 
greater perfection of the type, in surroundings more favour- 
able than those in which the Australian native finds, and has found 
for a long time, a scanty subsistenee. Homo wadjakensis was an 
optimate form. In the present race the type is evidently in a state 
of decadence, as also Homo neandertalensis is the less vigorous and 
less perfect descendant of Homo heidelbergensis. Judging from the 
lower jaw, also of the latter, the type was purer and in this 
sense more primitive in the older of the two forms. 
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At the neurocranium of the Wadjak Man only the somewhat 
smaller relative size of the frontal part and the jutting backward 
of the oceipital lobe of the cerebrum (“pointed” in the Wadjak II 
skull, because the oceiput is not only flattened in vertical direction, 
but is also relatively_narrow) can be considered as primitive in the 
true sense, i.e. phylogenetically. But even this is somewhat 
doubtful, in my opinion, where the development of the total brain 
volume was certainly no less than in the present Australians. 

The powerful jaws give a truly bestial appearance to the splanchno- 
eranium. But an absolutely large and strong masticatory apparatus 
is no evidence as such of a phylogenetically primitive condition. 
Thus the powerful masticatory apparatus of the Eskimos is only a 
requirement of the way of living of the hyperboreans, namely their 
feeding chiefly on raw meat and bacon. Besides, in proportion to 
the brain capacity, the palatal area of Homo Wadjakensis is cer- 
tainly no larger than that of the Australians, as was demonstrated 
above. Taking into consideration that here a surface is compared 
with a volume, it is found, that certainly in Wadjak I, and 
probably also in Wadjak II the mean longitudinal dimension of the 
masticatory apparatus, in proportion to that of the brain, 
is smaller than in the compared Tasmanian. 

The dimensions of the jaws and the teeth of the Wadjak Man, 
taken each in itself, even remain all within the limits of other 
‘pachygnathous and megadont fossil and living human types; the 
deviations are never so considerable as to assume systematic signi- 
fircance. The Wadjak Man is certainly megadont, as the Australian 
racial group and also Homo neandertalensis, and even the Combe- 
Capelle Man ''). In the absolute strengtli ofthe masticatory apparatus, 
taken as a whole, the Wadjak Man is, how- 
ever, only equalled, not surpassed by Homo heidel- 
bergensis. Just as in the whole build of the skeleton, 
the Australian is a type diametrically opposite to 
the Neandertalian, as Bourne has demonstrated ?), 
in the same way Homo wadjakensis is so of Homo 
heidelbergensis, at least certainly in the lower jaw 
(compare . especially the cross-sections of the 
symphyses in the adjoined diagram). But these 
have both the most powerful masticatory appara- 


ı) The size of the teeth may appear from the subjoined comparative tables. 
(See Tables following page). The maxima of the living races of man are taken 
from DE TERRA, BLACK, MÜHLREITER, ADLOFF. 

2) L’'Homme fossile de La Chapelle-aux-Saints, p. 231—234. Paris En 
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tus known of their type, the former also of the Homo sapiens-type. 
In contrast, however, with Homo heidelbergensis reduction pheno- 


Maximum dimensions of crowns of teeth in the maxilla (mm.) 


{ Wadjak D . | Combe- : All living 

I un | Talgai Capelle Krapina races 
me a 
C sup. Mesio-distal 907 — 9.6 8 j 10.5 9.3 
»» Labio-lingual 10.2 — 10.9 9 11.3 10.8 
P, sup. Mesio-distal 8.3 — 8.6 | 6 8.2 9.5 
» »  Bucco-lingual 1.0 — 1253 9 11.4 12:3 
Pz, sup. Mesio-distal 8.0 (7.6) 8.1 6.5 - 8.2 
» »  Bucco-lingual 10.8 (11.0) 11.0 9 _ 11.7 
M, sup. Mesio-distal 12.0 (11.2) 12.6 10.5 13.3 12.8 
». » Bucco-lingual 13.0 (13.8) 13.1 12 13.3 14.5 
M, sup. Mesio-distal 11.0 (10.6) 113 10.8 12.0 11.8 
» » Bucco-lingual 13.5 (14.2) 1339 12 14.0 14.7 
M3 sup. Mesio-distal 11.0 (8.2) _ 8.2 _ 117 
» » Bucco-lingual 13.0 (13.0) _ 11.5 _ 14.8 


Maximum dimensions of crowns of teeth in the mandible (mm.) 


ee a ALLE u u ll di LA nn LUD Ed a ci 20 este a Be a a an ie ce 


E AU 

Wadjak | Combe- : ir 

1 u Mauer | Krapina |Spy II es 
I; inf. Mesio-distal 6.2 — 5 5.5 6.2 6.0 6.5 
» » Labio-lingual 71.2 — 6 7.1 8.1 7.0 7:4 
l, inf. Mesio-distal 6.8 — 6 6.0 1.5 6.0 "02 
». „» Labio-lingual 16 — 6.5 1.8 8.2 8.0 1.6 
C, inf. Mesio-distal 84 — 8 11 8.4 169 9.0 
» „» Labio-lingual OH — 9 9.0 10.0 9.0 10.0 
P, inf. Mesio-distal 8.5 — 6 81 8.3 129 8.7 
» » Bucco-lingual 90° — 9 9.0 10.0 9,0 9.8 
P; inf. Mesio-distal BS3ue= u 1:5 8.5 1:5 9.0 
»  » . Bucco-lingual 8.5 — 9.5 9.2 9.9 9.0 10.5 
M, inf. Mesio-distal 13.7 — 12 11.6 13.8 11.5 12.8 
» » Bucco-lingual 12.50, 12 11.2 12.4 1125 1202 
M; inf. Mesio-distal 11.7 (12.0) 12 12.7 12.5 11.0 12.5 
» » Bucco-lingual 11.0 (11.0) 15221250 11.4 11.0 12.0 
M; inf. Mesio-distal 12.0 (13.0) 11 1222 13.6 12.0 | 15.0 
» „» Bucco-lingual | 11.3 (11.0) 11 10.9 11.07 321250 | 13.0 
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mena occur at the crowns of the molars of Homo wadjakensis in 
a no less degree than in recent men. The hindmost lingual cusps 
of the second and the third molar of the upper jaw of Wadjak II, 
and particularly of Wadjak I are little developed. In eonneetion 
with this the mesio-distal dimension is relatively small, especially 
in m, of Wadjak I. In Wadjak II the crown of m, shows on the 
backside, in the middle a small accessory eusp, which reminds of 
what has been described by Emın Serenka about the Orang-utan, 
and which was also found in Man in rare cases. 

The total length of the canine of the upper jaw of Wadjak II 
measured on the skiagram, is 29 mm. MÜHLkkEIıter found 37 mm. 
as maximum of all living races. Thus measured, the length of the 
roots of the upper m, is 14 mm., of m, 16 mm., and the distance 
of the root-ends resp. 9 and 7,5 mm.; this distance is about 10 mm. 
in m,. In these respects, and in the vertical depth of the pulp- 
cavities, which is 15 mm. in m,, 25 mm. in m,, the fossil form 
of Java again resembles: the Australians, and differs from Homo 
neandertalensis (and heidelbergensis). 

The folding of the enamel (crenation) is more composite than in 
Europeans, but not to a higher degree than is also found in Australians. 

The two premolars in the lower jaw of Wadjak II are not larger 
and not more primitive of form than in the fossil mandibles already 
known and those of the living races of Man. The cerowns of the 
(loose) ineisors and canine, like those of the first premolar, are 
larger, of the second premolar and of the molars on. the other hand 
smaller than in Homo heidelbergensis. The joint length of the two 
back molars in the latter is 25 mm., in Wadjak II 24 mm., the 
distance from the ineision to the back margin of m, being 42 mm. 
in Homo heidelbergensis and 47 mm. in Wadjak II. The length of 
the dental arch was 58 mm. in the Heidelberg Man, and probably 
60 mm. in Wadjak II. In the Wadjak Man the front part, in Homo 
heidelbergensis the back part of the dental series was larger. In the 
latter the molars are all three five-cusped, and the crown of the 
middle molar is the largest. In Wadjak II, on the contrary, only 
the front molar is five-cusped; this is also the largest, the second 
and third molars are four-cusped, and comparatively considerably 
smaller; the middle one is 'the smallest. In the fragment that is 
extant of the lower jaw of Wadjak I (the right back half of the 
corpus mandibulae and the lower part of the ramus with the 
angulus, in which the complete m, and m,, besides the greater 
(back) part of m,, with much less worn erowns than in Wadjak II), 
m, has three buccal and two lingual cusps ; this tooth-erown is also 
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longer in mesio-distal direetion, though she whole of the jaw must 
have been less large than that of Wadjak Il. All these differences 
between Homo wadjakensis and Homo heidelbergensis are certainly 
significant of a difference in funetion of the molars. 

A five-cusped m, have on an average three of the four Australians 
and one of the fonr representatives of the Malay race; in both races 
m, is five-eusped in two out of three individuals on an average. 
In this respect Papuans agree more closely with Malays than 
with Australians. In Homo neandertalensis nine of the twelve 
m, were found to be five-cusped, and m, nearly always four-cusped 
(in ten out of eleven of these teeth); probably the crown of m, 3a 
no- less reduced. The two individuals of Homo wadjakensis, 
therefore, in this respect, closely resemble ‘Homo neandertalensis, 
and are certainly less on the primitive side than the average Australian 
native. As has been said, the lower molars of Homo heidelbergensis 
on the other hand, are all three fire-cusped, hence they present the 
more primitive condition. From what is observed in the living races 
it seems, however, that both the number of ceusps and the size of 
the dental erowns are in connection with the funetion. 

Some of the most important characters of the maxilla and the 
mandible of Homo wadjakensis I have already briefly described. 
The following remarks may now be added. 

The protuberantia mentalis, a low trigonal pyramid with rounded 
edges and vertex, with its base put, as it were, on the uniformly 
bent outer side of the corpus mandibulae, and rising 3 ınm. above 
this surface (ideal of the “eininence triangulaire, plus au moins 
bombee a son centre, qui se superpose & la face anterieure de la 
mandibule” of the European lower jaw, in the description of Topinard), 
may be clearly recognised as a formation that has arisen independently 
of the growth of the basal part of the corpus mandibulae. According 
(o Kraarsch!) such a “trigonal prominence” is also what is found, 
as a rule, in Australian mandibles. The basal part is by no means 
bent outward as in many modern lower jaws, but the external surface 
of the corpus mandibulae is straight to the inferior border. The 
internal surface at the chin, apart from the spina mentalis. 
placed on it, is only slightly convex, and inelines almost uniformly 
from above downward. The spina is of a type frequently oceurring 
in Home sapiens, which I will designate as seissor-shaped of outline, 
as it really presents a close resemblance with the outline ofa 


\) H. Kraarscn, The Skull of the Australian Aboriginal. Reports from the 


Pathological Laboratory of the Lunaey Department. New South Wales Government. 
Vol. I. Part Ill, p. 155. Sydney 1908. 
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shorter or longer pair of tailor’s seissors; it consists of a median 
erista genioh yoidea, 9 mm. long, and two round tuber- 
cula genioglossa Iying 6 mm. apart above it. The foramen 
mentale is placed under the interval between p, and ım,, and 
directed back ward. 

Anincisura submentalis, so eonsiderable in the mandible 
of Mauer (Homo heidelbergensis) (10 mm. deep), is scarcely percep- 
tible (L mm. deep) in that of Wadjak Il. The incisurä prae- 
angularis 8. praemasseterica (Bonser) is, on-the other 
hand; uncommonly deep. There also existsa very considerable tuber 
massetericum (Bosser). These two prove that tlıe musculus 
ınasseter was exceedingly powerful. 

In strength the lower jaw of Wadjak II is not inferior to that 
of Homo heidelbergensis. This may already be inferred from-the 
vertical sections in the symphysis-line in comparison also with the 
most frequently oceurring Australian type and with the common 
European lower jaw. (Fig. 8 of Plate II). For in the symphysis the 
lower jaw has to resist the greatest violence. 

The strength of this bone in Wadjak II may further appear from 
the following measures. The height of the corpus mandibulae at 
the symphysis, J0 mm. in Wadjak II, is about 33.5 mm. in Homo 
heidelbergensis, 36 mm. at tlıe mandibula of Spy, 30 mm. at that 
of La Naulette. The median thickness at the symphysis, 16 mm.in 
Wadjak II (above the spina mentalis) is on the other hand 
17.5 mm. in Homo heidelbergensis, but only 15 mm. at the mandibula 
of Spy, and also at that of La Naulette. The height, measured 
between p, and m, is 37 mm. in Wadjak II, and the thickness 
there 17 mm.; in Homo heidelbergensis these measures are resp. 
33 and 19.4 mm. 

The greatest thiekness of the body of the lower jaw, under m,, 
is 21 mm. in Wadjak II, which is equal to the “enorme Breite” 
found by OkTTEkıng, and also by GoRrvanoVvIc-KRAMBERGER, each once, 
in lower jaws of Eskimos, in which race this bone is peculiarly 
strong as a rule‘). The lower jaw of Mauer is 23.5 mm. thick at 
the same place, that of La Naulette only 15, and of Spy 16 mm, 
Australians not seldom attaining 19 mın. "The height at m, is about 35 


ı) B. Oertekısg, Ein Beitrag zur Kraniologie der Eskimo. Abhandlungen und 
Berichte des Königl. Zoologischen und Anthropologisch-Ethnographischen Museums 
zu Dresden. Band XII (1908), N®. 3, p. 38. 

K. Gorsanovic—KrANBERGER, Der Unterkiefer der Eskimos (Grönländer) als 
Träger primitiver Merkmale. Sitzungsberichte der Königl. Preuss. Akademie der 
Wissenschaften. Jahrgang 1909, p. 1282—1294. Taf. XV und XVI, p. 1283. 
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mm. at the lower jaw of Wadjak II, at that of the Heidelberg 


man 30 mm. a 
The condylar height of the ramus mandibulae of Wadjak II is 


about 70 mm., the breadth, at the narrowest place, 46.5 mm. At 
the lower jaw of the Heidelberg Man these dimensions are resp. 69 
and 52 mm., but the angulus (s. arcus, BonNET) is, as it were, cut 
off obliquely, just as in the Neandertal Man of La Chapelle-aux- 
Saints, whereas it forms a round projection at the lower jaw of 
Wadjak II. The external surface of the ramus cannot be measured 
accurately, because this part of the lower jaw has broken off with 
the loss of some parts that cannot be accurately determined, but it is 
very large, and may be estimated at only 2 cm.” less than that of 
the Heidelberg Man. In the latter this surface is enlarged, it is true, 
by the very considerable breadth of the processus coronoides, but on 
the other hand the angular part is much larger in ’the Wadjak 
Man. The outer surface of the ramus at an average European 
lower jaw is 16 cm.? smaller, at an Australian lower jaw (according 
to Krır#s) 12 cm.’ smaller than at that of the Heidelberg Man. This 
means that the area of attachment of the muscles of mastication of 
the Wadjak Man is almost as large as that of the latter — in the 
Heidelberg Man the musculus temporalis preponderated, in our Java- 
nese Australian the masseter — and much larger than that of the 
present European, and even of the Australian aborigines. 

The condylus is in transversal direction as large as that of the 
Mauer-mandibula, on the other hand in sagittal direction much 
smaller and rounder. Also the glenoid fossa is of the present type. 
The articulation was evidently, as in general in Homo sapiens,more hinge 
joint, for movement up and down of the lower jaw, than gliding 
joint, hence less adapted to grinding motion of the lower jaw than 
that of Homo heidelbergensis. The important differences of the same 
nature, which exist between the temporo-mandibular joint of Homo 
neandertalensis and modern Man, have been set forth by Bovrs in 
his masterly description of the fossil Man of La Chapelle-aux- 
Saints. The very wide and shallow articular cavities of the latter 
were certainly adapted to grinding movement, almost as in the 
Anthropoids. 

The processus coronoides is narrower, but higher and consequently 
the ineisura mandibulae is deeper than in Homo neandertalensis and 
heidelbergensis, 

The external surface of the ramus as a& whole inelines somewhat 
towards the outside from above downward, so that the two rami 
diverge. This is still more pronounced for the regio angularis, 
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because this is, besides, in itself strongly bent outward, which is 
especially apparent when the posterior and inferior border are con- 
sidered. This part of the ramus is thick and strong. This thickness 
and the bending of the angular part of the ramus outward mean 
strong development of the musculus masseter, absolute and in com- 
parison with the musculus pterygoidens internus !). In the morpho- 
logy of the ramus mandibulae described, as in that of the chin-region, 
the lower jaw of Wadjak II represents very perfectly the type of 
modern Man (Homo sapiens). 

Entirely opposite to this is the type of the lower jaw of Homo 
neandertalensis, which is exhibited in its greatest purity by the 
Mauer mandible (Homo heidelbergensis). Here no protuberantia 
mentalis (in the older form, the Heidelberg Man) or only traces of 
it (in some representatives of the later form, the Neandertal Man 
proper), nor outward bending of the inferior border of the corpus 
mandibulae. On the other hand, on tbe inner side of the regio 
mentalis, particularly in this most original and powerful jaw of the 
type, a considerable strengthening of the arch of the mandible by 
means of a torus mentalis internus, elosely corresponding to that of 
the Anthropoids and of most of the lower Monkeys, and in connection 
with this no spina mentalis, or one that is only little developed. 
The two rami converge from above downward, and the thin 
pars angularis is bent inward (at least not outward). In the Homo 
neandertalensis of La Chapelle-aux-Saints BouLs has also described 
and drawn this important obliqueness of the rami mandibulae with 
regard to the sagittal plane of the skull, and the greatly narrowed 
pars angularis, which makes the said obliqueness more apparent, in 
that it “se dejette en dedans, au lieu de se dejetter en dehors, comme 
dans la plupart des mandibules humaines actuelles’”’°); he has also 
pointed out its oceurrence in many eynomorphous Monkeys and in 
the Orang-utan among the Anthropoid Apes, also seeing in this an 
indication for the comparatively great strength of the musculi ptery- 
goidei (which may also be inferred from the extensive surfaces of 
their origin and insertion). 

It is clear that thus in the Man of Wadjak, just as in a more or 
less degree in general in Homo sapiens, the directions of the right 
and the left musculus masseter, which muscles moreover had their 


1) According to THEILE the musculus pterygoideus internus, in a strong Euro’ 
pean, has not even half the weight of the masseter, the musculus temporalis on 
the other hand one and a half times the weight. 

s) MARcELLIN Boute, L’Homme fossile de La Chapella-aux-Saints. Paris 1913, 


p. 93—94 and p. 65, fig. 45. 
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origin from much less projeeting zygomatic 'arches, than in Homo 
neandertalensis, 'strongly diverged from each other downward, which 
must ‘have gone together with peeuliarly strong divergence in that 
direction of the museuli pterygoidei interni. Jointly with the musculi 
temporales and pterygoidei interni, the masseters drew, in their 
prineipal action, not only the lower jaw upward at the angles, but 
at the same time the two angles towards each other, through which 
its arch was greatly strained, most at the symphysis, where the 
eurvature of the arch is greatest, and caused there on the outside 
of the lower jaw very considerable stretching strains. In general in 
Homo sapiens the resulting contraction direction of all the museles 
of mastication is converging upward, and stretching strains arise of 
this nature. 

In the mandibular type of Homo neandertälensis, on the contrary, 
strong strains must have arisen in the mandibular arch on the 
inside of the symphysis, in consequence of the convergenceof 
the two musculi masseteres, which was still increased by the pecu- 
liar projeetion of the zygomatic arches — the considerable phaenozygy. 
The same we find in the Apes, for also those Anthropoids in which 
the ramus mandibulae is not directed obliquely to the sagittal plane 
from above outside to below inside, yet present convergence of the 
two musculi masseteres in consequence of the projecting far beyond 
the sides of the skull of the zygomatie arches, from which these 
muscles take their origin; the phaenozygy is here still more con- 
siderable than in Homo neandertalensis. 

It will remain WALKHorr’s great merit that he was the first to 


draw attention to muscular action as an explanation of the chin of - 


Homo sapiens. In his conception Homo neandertalensis and Homo 
heidelbergensis must have been almost or entirely speechless, which, 
taking the great brain-capacity of the Neandertal Man into consider- 
ation, is very doubtful. But Van pen Brosk is justly of opinion that 
other muscles than those which are directly active in speech, namely 
the facial (mimie) muscles and the museles of mastication, may have 
given rise to the particular form of the chin of modern Man. He 
chiefly thinks of the facial (mimie) muscles '\. Here stress may be 
laid. on the action of the museles of mastication, by the side of 
wliose strength, which acts not less continually than the facial 
muscles and which is to be measured by more than a hundred 
kilograms even in Europeans, the power of the lingual and hyoid 


) A. J. P. van Den BRork, Ueber Muskelinsertionen und Ursprünge am Unter- 


kiefer; ein Beitrag zur Kinnfrage. Zeitschrift für Morphologie und A 
thropologie. 
Band 21, p. 227. Stuttgart 1920. PRODSIE UL SDREDEIUET 
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ınuscles taken into consideration by WarkHorF and of the facial 
muscles, becomes negligible '). 

In order to be able to resist the stretching strains described above, 
which are caused by the action of tle masticatory muscles, the 
lower jaw bad to be reinforced at the symphysis. This has happened: 
first, by a general uniform heightening or thickening, both in the 
mandibular type with stretching strains on the outside and in that 
with stretching strains on the inside; secondly, through locally 
restrieted strengthening, and then: in the type of Homo sapiens 
(and Homo wadjakensis) with stretehing 'strains on the outside, 
through: (a)a protuberantia mentalis, (d) the lower border bent 
outward (torus marginalis), which is not found in the Wadjak- 
Man; in the type of Homo neandertalensis (and Homo heidelbergensis) 
and most Apes, with siretching strains on the inside, through: (a) a 
torus mentalis internus,(b)a lamina submentalis (Kkırn’s 
“simian plate, shelf or ledge”), which latter is only met with in 
Monkeys, not in the Neandertal-Heidelberg Man °). 

The existence of these strengihenings of the mandible need not 
only be accepted as mechanically efficient and necessary, such a 
growth of bony substance may also be considered as a definite 
consequence of muscular action, which — as Aıcnen®) has 
demonstrated — causes directly or indirectly stretching strain (“Zug”), 
and with it physiologieal stimulation of the periost. 

What then explains further the difference in direction of the 
muscles of mastication, which is the cause of the two mandibular 
types? Why is the direction of the musculus masseter slanting from 
above and outside towards below and inside in the type of Homo 
neandertalensis-heidelbergensis and the Monkeys, and on the contrary, 
at least the resulting direction of contraction of the muscles of 
mastication in the type Homo sapiens-wadjakensis from above and 
inside downward and outside? 

The explanation is to be found in the special function of the 
masseter and {he other muscles of mastieation. A different direction 


!) In the large Anthropoids (Orang-utan) the strength of the muscles of masti- 
cation, estimated by their weight, is three times as great as in Europeans. 

2) This torus mentalis internus is another than the torus mandibularis 
met with by C. M. Fürst (Verhandlungen der Anatomischen Gesellschaft 22. 
Versammlung, p. 295. Jena 1908) in about 80%, of the lower jaws of Eskimos 
examined by him, on the inside of the premolars. 

3) O. Aıcner, Vorläufige Mitteilung über Entstehung und Bedeutung der Augen- 
brauenwülste, zugleich ein Beitrag zur Abänderung der Knochenform durch physio- 
logische Reizung des Periostes. Anatomischer Anzeiger, Band 49 (1916), p. 497. 
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and unequal strength of them must go hand in hand with different 
and unequally strong function. In the last-mentioned type, that of 
modern Man, the musculus masseter is comparatively stronger, the 
musenli pterygoidei are weaker than these museles were in the type 
of the Neandertal Man. The direction of the musculus pterygoideus 
internus in modern Man is such that it strengthens the action of 
the masseter to a considerable degree, thus helping to elevate the 
lower jaw, whereas in the Neandertal type the more transverse 
direetion of this muscle (which is besides stronger), with regard to 
the ramus, caused it and the musculus pterygoideus externus, with 
the musculus temporalis, to be especially active in the grinding 
movement. The latter muscle was more developed broadwise (in 
sagittal direetion), less as to its height (vertical direction) in Homo 
neandertalensis, which could be inferred not only from the form of 
its attachment area on the skull '), but also from its broad insertion, 
appearing in the shortness, but considerable breadth of the processus 
coronoides and the shallowness of the ineisura mandibulae. The 
backmost .part of the muscle, active in the masticatory movement, 
was evidently, compared with the type of Homo sapiens-wadja- 
kensis, relatively stronger than the front part, which assists the 
masseter. 

Thus the masticatory apparatus of the type Homo neandertalensis- 
heidelbergensis was undoubtedly more adapted for grinding move- 
ment; that of Homo sapiens-wadjakensis, on the other hand, parti- 
eularly suitable for biting, ceutting, and crushing of the food. The 
latter type was most perfect in the Wadjak Man. The lower dental 
arch is here at the molars narrower by the width of a erown than 
the upper dental arch, so that, as I have already mentioned, the 
buccal cusps of the lower molars are worn off very obliquely against 
the lingual cusps of the upper molars, whereas the lingual cusps 
of the lower, and the buccal cusps of the upper molars have remained 
intact (m, and m,), or are worn off a good deal less {m,). Grinding 
ınastication, with horizontal movement of the lower jaw, as in the 
other type, must not have been possible with this obliqueness of 
the masticatory surfaces and great inequality of the two dental 


') Described by M. Bour, loc. cit. p. 43, of the skull of La Chapelle-aux- 
Saints. Compare also: R. VırcHow (Zeitschrift für Ethnologie. Berliner Gesell- 
schaft für Anthropologie, Ethnographie und Urgeschichte. 1872, p. 8) on the 
Neandertal-skull and J. ERAIPoNT (JULIEN FRAIPONT et Max LoHest, Recherches 
ethnographiques sur des ossements humains decouverts dans les depots quaternaires 


d’une grotte & Spy. Archives de Biologie. Vol. VII. (1886), p. 720. Gand 1887) 
on the Spy-skulls. 
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arches. This type of dental arch and teeth of the Wadjak Man, to 
some extent analogous to that of the Carnivora among the Mammals, 
was certainly particularly suitable for animal food. In the Australi- 
ans, which live chiefly carnivorously, the difference in breadth of 
the two dental arches is greater than in any other living race, 
perhaps with the exception of the Eskimos, but even in Europeans 
the upper dental arch is, ag a rule, wider at the molars than the 
lower arch; this is a general character of Homo sapiens '). 

KrLaAtsch considers this wide lateral prominence of the upper 
dental arch of the Australians as a character of the primitive state; 
the dentition of his Homo aurignacensis of Combe-Capelle had lost 
this “Primitivität” of the Australians’). This can only refer to an 
original type of Man, not to a prehuman stage; for in the Anthro- 
poids and most other Monkeys the upper molars certainly do not 
extend further beyond the lower ones than in modern Man. Such 
conditions, with narrow lower dental arch and oblique wearing off 
of the teeth, as are met with in the Wadjak Man, have even been 
described of jaws of the Eskimos, who belong to the Mongoloids, 
but feed chiefly on raw meat and bacon ?). 

Entirely different was the type of the relation of the dental arcades 
in tlıe Neandertal- (and probably also the Heidelberg-) Man. The two 
dental arches must have covered each other perfectly ‘or the upper 
molars must have extended but little outside the lower ones, as in 
most Monkeys; for the crown of these teeth were ground off horizontally, 
at least uniformly over their entire breadth. The prematurity of 
the wearing off in comparatively still young individuals, has struck many 
investigators; it is universally attributed to coarseness and impurity 
of the vegetable food, which was often mixed with small quantities 
of earth. This renders it probable that Homo neandertalensis found 
his food mostly on (or in) the ground; this can also be deduced 
from particularities of his skull and skeleton, which will be discussed 
further. 

As meat and fish, in general animal food, contain the nourishing 
gubstances in a relatively pure state, and are mostly not hard, they 
need not be ground particularly fine to be digested. Biting off by the 
front teeth, tearing, and crushing by the molars is suffieient; thus 
the food can rapidly pass, almost linea recta, through the mouth- 


ı) Sır Wıruam Turner, The Relations of the Dental Arcades in the Crania of 
Australian Aborigines. Journal of Anatomy and Physiology. Vol. 25 (1891), 
p. 461—472. 

3) In Praehistorische Zeitschrift. Band I (1910), p. 313. Berlin 1910. 

s) K. Gorsanovıe-KRAMBERGER, |. c. 
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cavity to the gullet. The direction in which the masticalory museles 
Tawiike lower jaw against the upper jaw, was ın the Wadjak-Man 
from below and outside towards above and inside, in which direction 
the mastieatory surfaces of the molars have been ground off against 
each other. For such a jaw is also frequently active alternately left 
and right, in whieh the half of the mandible which was first somewhat 
abduced when the mouth was opened — in such a way that the 
molar-erowns are directly above each other — is moved obliquely 
from below and outside towards above and inside. Thus between 
the buceal erown-halves of the upper and lingual crown-halves of 
the lower molars, which have remained unworn for the greater part, 
and form two rows of eusps, pieces of meat and fish are stretehed 
in such a way that when the jaws are firmly closed, partieles are 
comparatively easily pinched off by the other erown-halves, which 
have been ground off against each other. 

The two sides can also act simultaneously, but 
then more crushing. In any case these jaws are 
almost as unsuited for grinding movement as those 
of the Carnivora among the Mammals. The con- 
verging direction of contraction of the masticatory 
muscles and in connection with this the formation 
of the chin in the type of Homo sapiens-wadjakensis is, therefore, 
to be explained by the more carnivorous masticatory apparatus of 
this type of Man. 

Vegetable food, however, on which the men of the type Homo 
neandertalensis-heidelbergensis chiefly lived, like the Monkeys, is 
generally much poorer in nourishing substances, contains then at 
least in less concentrated condition, or else it is very hard. If suffi- 
cient quantities of nourishing substances were to be absorbed and 
digested, the masticatory apparatus had to be very active and the 
food had first to be ground very fine. This took place through 
grinding mastication, in which the food was continually pushed 
automatically by the tongue and the not masticating side of the 
lower jaw — the grinding movement is chiefly alternately one-sided — 
under the mastieating teeth of the upper jaw of the other side 
(which takes place on opening the mouth in the other type of 
jaws and teeth). The direction of the movement of the lower jaw, 
determined by the direction of contraction of the museles of masti- 
cation, had therefore to be from below and inside to above and 
outside. And the direetions of museular eontraction of the two sides 
thus diverging in this diluvial type of. Man, as in the Monkeys, led 
to the formation of a torus mentalis internus, 


in the latter besides 
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to a lamina submentalis, all this in connection with a more vegela- 
rian way of living. 

Thus the comparison of the masticatory apparatus teaches us that 
Homo wadjakensis and Homo neandertalensis were types of an 
entirely opposite way of living. The former will have chiefly sub- 
sisted by hunting and fishing, the other must have found his vege- 
table food on, in or near the ground, for there can be no doubt of 
his biped locomotion. The same contrast in mode of living can also 
be deduced from a comparison of the neurocranium and the other 
parts of the skeleton. 

The most striking and important characters of the neuroeranium 
of Homo neandertalensis are the platycephaly (with flaltening 
of the forehead and of the oceiput, the latter leading to the formation 
of a torus oceipitalis transversus), and the torus supraorbitalis. 
These two, in the first place, have been considered as simian morpho- 
logieal characters of the Neandertal Man, as attributes of low and 
quantitatively small development of the brain. Chiefly in virtue of 
these characters, @. ScHwaLBm!) has tried to justify, with great con- 
vietion, the epithet primigentus, assigned by Wınser to this Plistocene 
human type, by comparative measurements and morphological 
investigations. Homo neandertalensis would be the direct stock form of 
Homo sapiens, modern Man, from whom he would be distinguished 
by essential peculiarities. The latter is diametrically opposed to what 
Huxtey stated in his famous treatise “Evidence as to Man’s Place 
in Nature” in 1863, and what, as far as platycephaly is concerned, 
was again advocated by Sera, ten years ago, though with an entirely 
different purpose in view, in an elaborate study). In Huxızy’s 
opinion, and in that of others a torus supraorbitalis, though m a 
less degree, would even be found in some cases among the present 
Australians, the lowest and most primitive of living races. In. both 
an a type might have been expected in the probably Plistocene 


2) Buben in his “Studien zur Vorgeschichte des Menschen”, Zeitschrift für 
Morphologie und Anthropologie. Sonderheft (228 pp.) Stuttgart 1906. 

2) G. L. Sera, Sul significate della platicefalia con speciale considerazione della 
razza di Neanderthal.Archivio per l’Antropologia e la Etnologia. Vol. 40, p. 3831 — 
433 (1910); Vol. 41, p. 40—82 (1911). SERA, indeed, considers the platycephaly 
of the Neandertal Man as a typical property, but not as simian. It is sporadically 
met with in living races, it would, however, have occurred constantly in this 
diluvial Man, pathologically or semi-pathologically, then as a passive adaptation 
to the glacial climate. The characters of the masticatory apparatus discussed here, 
which are in connection with the form of the neurocranium are incompatible with 
this conception; so is the fact that the typical masticatory apparatus of this fossil 
Man in early diluvial time was more perfect (Homo heidelbergensis). ä 
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anstraloid Man of Wadjak, which approaches somewhat nearer to the 
type of the Neandertal Man. The contrary is found. Between the 
Javanese proto-Australian and the Neandertal Man the contrast, as 
regards the splanchnocranium, is still sharper than Dal eat the 
lalter and the Australian of the present time; attention may be 
drawn here to the characters of the external nares. Nor is there 
found a trace of a torus supra-orbitalis at the neurocranium of the 
proto-Australian, or platycephaly; many an Australian of modern 
times is in this respect even somewhat less far from the Neandertal 
Man. Evidently the two types were distinet from tbe very beginning. 
Indeed since it is known that the capacity of the brain of Homo 
neandertalensis was not smaller than that of present Man, nay even 
exceeded this, it will not do to consider his platycephaly and the 
torus supraorbitalis attending it as characters of a still low and 
simian brain-develupment. Homo neandertalensis was perfectly human, 
and this resemblance in characters to the Apes can only be explained 
as functional analogy. 

The torus supraorbitals of Homo neandertalensis cannot be 
accounted for by his powerful masticatory apparatus, for in this 
respect he is inferior to Homo wadjakensis, who nevertheless does 
not possess a torus supraorbitalis. No more can such an explanation 
apply to the Monkeys, among which this torus is almost universally 
found. 

It is an important fact that there is no torus supraorbitalis at the 
skull of the Orang-utan, whereas this is strongly developed in the 
other Anthropoid Apes. The neurocranium is also comparatively short 
and round and less flattened in the Malay Ape. The primary devia- 
tion is evidently the absence of the torus supraorbitalis. This can 
again not be attributed to a difference in the comparative size of 
the jaws, for this is certainly no less than in the Chimpanzee, and 
equals in large individuals of Sumatra that of the Gorilla. 

Now there is one organ in the Orang-utan very peculiarly deve- 
loped, entirely different from what is found in the other Anthropoid 
Apes, and this is in connection with the mechanism of the movements 
of the skull, and indireetly with its shape. In all orang-utans, female 
as well as male ones, the throat poach or laryngeal sac, properly two 
sacs, homologue to the small ventrieles of the mucous membrane of 
the larynx, which are known by the name of ventrieuli Morgagni 
in the anatomy of Man, is or are not enclosed between the lower 
jaw and the trachea, as in the Siamang, or (apart from axillary and 
other deepseated recesses and c.g, of transverse sacs under the lower 
jaw) restricted to the median front side of the neck only, as in the 
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Chimpanzee or the Gorilla, but are developed to a large air-eushion 
which, embracing the neck, extends far over the breast and the 
shoulders, and on. which the head rests in front and on the sides oR 
Denixer and BouLarT, and also Heck are inelined to consider the 
large laryngeal sacs of the Orang-utan as support for lower jaw 
and parts of the head, the muscles of the neck being much less strong 
tban in the other large Anthropoids ?). Probably not in contrast with 
the much smaller laryngeal sacs of the other Anthropoids mentioned, 
their functional meaning is certainly not connected with the voice, 
for the Orang-utan is almost dumb. Nor is their large size in the 
Örang-utan in connection with an extra-ordinary weight of the 
head; that of many Chimpanzees is no less heavy, and the head of 
the Gorilla is certainly generally heavier. The laryngeal sacs of the 
Orang-utan grow with the general growth of the animal, and are 
larger in males than in females, largest in gigantie old males. As 
the head gets heavier, the laryngeal sacs increase in volume. They 
support the head also on the side, and it seems that they can be 
assisted in this by the cheek lobes, for where these occur, the 
laryngeal sacs are comparatively less large °). 

But in Anthropoids and other Apes, in contrast with what happens 
in Homo sapiens, the head is not carried poised on the vertebral 
column, but in most it is carried strongly hanging over; the centre 
of gravity then lies far before the supporting line of the condyles, 
and very powerful muscles of the neck carry this overhanging 
weight. The muscles of the neck in the Orang-utan are directed 
much less steeply with regard to the “horizontal planes” of the skull, 
consequentiy the planum nuchale is steeper than in the other 
Anthropoids, for instance in the Chimpanzee. The angle of the 
basio-nasal line with the basio-inion line is about 30° smaller in the 
Orang-utan, and the angle of the plane through the middle of the 
condyles and the nasion witlı the condylo-inion-plane 22° smaller 
tban in the Chimpanzee. This means that only with an elevation of 
the head of the Orang-utan of 22°, when in front it certainly rests 


l) R. Fick (Vergleichend anatomische Studien an einem erwachsenen Orang- 
Utang. Archiv für Anatomie und Entwickelungsgeschichte. (W. Hıs), Jahrgang 
1895, p. 75) found at the dead body that when the laryngeal sacs are swollen, 
the head was greatly lifted up backward, without his seeing in this an indication 
of the vainly sought functional meaning of that air sac. 

2) Denıker and BoULART in Nouvelles Archives du Museum d’histoire naturelle, 
Paris 1895. ser. 3, t. VII, p. 47—48. BREHMS Tierleben. Vierte Auflage. Säugetiere, 
Bd. IV, Primates. Bearbeitet von L. Heck, p. 630. Leipzig. 1916. 

3) Cf{.: C. KeRBERT, Reuzen-Orangoetans, in „Natuur- en Wetenschap”. Eerste 
Jaargang, p. 7. Brugge 1914. re 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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no longer on the air-cushion, the museles of the neck pull at the 
oceiput in. as favourable a direction, thus ralsıng the front of the 
head as in the Chimpanzee. But in the Orang-utan these museles 
then pull ‚in the direction of the orbital arch of the frontal bone, 
while through its elevation the front part of the head hangs much 
less heavily at the oceipital part of the cranium, which is besides 
shorter; they draw in the Chimpanzee in the direction ofthe crown 
of the eranium, the frontal part of the head still hanging with its full 
weight at the oceipital. part of the cranium, which is besides longer. 
When, as oceurs frequently during locomotion, the body is moved 
up with great velocity, or is checked in its speed obtained by 
gravity,-the heavy head will fall forward with great force through 
inertia, unless it is stopped. This takes place in front in the Orang- 
utan, by means of the elastic laryngeal air sac, in the other 
Anthropoids and most lower Apes only by means of the muscles 
of the neck, which acting behind the transverse axis of rotation, 
pull the skull backward. The stretching strain thus arising between 
the front part and the back part of the calvaria, is comparatively 
small in the Orang-utan, great in the other Anthropoids, whose 
cranial' vault would certainly run a risk of breaking, if there were 
no mechanism to strengthen it, through transference and dispersion 
of the exeited strain. In Man of the present type the head turning 
about the condylar axis, never hangs over forward so heavily, 
because in the ordinary erect attitude it balances on the vertebral 
column, the planum nuchale lies very flat, and tbe museles of the 
neck, which thus act almost straight downward, pull the head 
backward, which causes the strain exeited between the oceiput and 
the front to be much less great in all positions. However, also in 
Man and in the ÖOrang-utan, the cranial vault might possibly not 
always be able to resist it, without the mechanism in question, NOW 
to be described, which is however less strong here !). 

Apparently the strain is borne certainly not entirely, probably 
only for a very small part by the brittle bony substance, but for 
the greater part by the very elastie apparatus of the musculus 
epicramus or occipito-frontalis, the two-bellied flat musele, whose 
uniting tendon, the strong epieranial aponeurosis or galea.aponeu- 
rotica, which chiefly consists of longitudinal fibers, and is loosely 


.. ) The prineipal functional meaning .of the air pouches, found in so many Monkeys 
most probably consists, in general, in this that they help the muscles of the ne 
to prevent sudden stretching of the encephalon and the medulla spinalis of which 
there might be a danger from the generally heavy front part of the head, and 
the situation of the foramen oceipitale under the back part of the cranium. 
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altached to the calvarial bone upon which it glides, but firmly 
bound to the hairy skin of the head, extends over the calvaria 
between the fascia temporalis of the two sides, in which it is lost. The 
backmost belly, formed on either side by the museulus oceipitalis, 
starts, in modern Man, in different extension and eoherencey from the 
oceipital bone, above the superior curved line, and laterally to the 
basis of the mastoid process of the temporal bone, hence above the 
muscles that pull the head backward. The front musele belly, formed 
by the two museuli frontales, rises from the epieranial aponenrosis, 
and its fibers terminate, in Man of the modern type, besides in the 
skin of the root of the nose and of the brows over their entire 
length, at the median part of the frontal bone and at the outside 
of the orbital arch, but here in very various extension and coher- 
ency; most uniform is still the lateral part of this attachment, namely 
near and at the processus zygomaticus frontalis. More coherent is 
this bony origin (directly or indirectly by fascia) in Apes that possess 
a torus supraorbitalis '). 

This apparatus must have a more important function and especi- 
ally fin the Neandertal Man) have had a more important function 
than elevating the eye-brows and wrinkling the forehead. Its principal 
action apparently is, as was stated above, the distribution of the 
strain, which is exited by ihe muscles of tlıe neck, by transference 
to the frontal orbital arches, and as stress, to {he malar bones and 
elastic zygomatic arches back to ihe oceipital bone.’) 

The functional significanee of the torus supraorbifalis in most 
Apes, and its absence in the Orang-utan and Homo sapiens thus 
becomes clear; besides, its formation can also be explained directly 
mechanically by the application of Aıcnkı’s demonstration. 

The validity of this view may also appear from what is found 
in American Apes (Uhrysothrix, Cebus, Ateles). Here the planum ° 
nuchale, to which the muscles that draw the head back, are attached, 
makes muclı smaller angles with the transversal glabella-inion plane, 
hence no very great strain can arise in the cranial vault, and there 
was not developed a torus supraorbitalis. 


!) In an analogous way äs the apparatus of the musculus epicranius protects 
the calvaria from the violence of the cervical muscles, the strong fascia temporalis, 
stretched out between the temporal crest and superior temporal line, and the 
zygomatic arch, and serving for partial attachment of the musculus temporalıs, 
protects it against the violence of the latter muscle, and the zygomatic arch against 
{hat of the musculus masseter. This apparatus, though exceedingly strong in the 
Apes, does probably not contribute to the formation of the lateral part of the 
torus supraorbitalis, but only of the temporal crest. | 

s) Cf. on those museles in Apes and Man: G. Rue, Untersuchungen über die 
Gesichtsmuskulatur der Primaten, p. 37—51 and 84—93. Leipzig 1887. 

68*: 
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supraorbitalis of Homo neandertalensis must 


Apparently the torus a 
\n way, as mechanically efficient, and as 


be explained in a similar 
having arisen mechanico-physiologieally, if the head was not carried 
ereet, resting in equilibrium on the vertebral column, as in Homo 
sapiens-wadjakensis, but bent forward, supported by the muscles 
of the neck. And actually a number of characters of the former, 
of which some had been known already for some time, others were 
deseribed by Marczrıın Bouss for the first time, from the fossil man 
of La Chapelle-aux-Saints, could not be explained differently. The 
characters of the oceiput lead us to assume that in Neandertal Man 
the museles of the neck were very strong and supported the head 
also in a position of rest. This latter appears among others from 
the steepness of the planum nuchale. For the glabella-inion-opisthion 
angle or lower inion angle amounts to 51.5° at the Neandertal cal- 
varia, to 54° at the skull of Spy I, to 53° in Spy II, to 44,5° at 
the skull of La Chapelle-aux-Saints (BouLk), to from 31° to 40° in 
Homo sapiens; in Wadjak I this angle cannot be determined accurately ; 
it is probably 40°, bnt the planum nuchale is still less steep as a 
whole on account of the depression under the inion well-known 
also of Australian skulls. The foramen oceipitale is placed somewbat 
further backward in the Neandertal Man than generally in modern 
Man (and the Wadjak Man), and the angle of the plane of this 
foramen with the plane of the orbital axes (BrocA) is open in front, 
in the same way, though not so widely, as in the Anthropoids, 
in contrast with the angle open to the back of the modern type 
of Man and of the. Wadjak Man (not to be measured accurately 
at the skull of the latter). Accordingly, the plane of the foramen 
oceipitale must turn strongly forward (16.5° in comparison with 
the Australian skull, 22° with the European skull, according to 
Bousne), if the orbits are to assume the same direction with 
regard to the vertical. The spinous processes of the two lowest 
cervical and first dorsal vertebrae are not direeted obliquely 
downward, as in Homo sapiens, but about horizontally, as in the 
Anthropoids, and the curvature of the cervieal vertebral column 
is little pronounced. . The figure of Neandertal Man was short, 
especially in tbe legs, but broad and thickset, the posture less per- 
fectly vertical, with legs slightly bent in the hip and knee joints. 
The mastoid processes are comparatively small, so that the museuli 
sternocleidomastoidei, which turn the head, (hardly feasible with 
bent head) were comparatively weak museles. The orbits are (quite 
different from those in the Wadjak Man) very large, deep, and 
round; the eye-balls must have been large. Like arboreal animals, 
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and those that move very rapidly (Horse, Ostrich), Homo neander- 
talensis had large eyes, in order to be able to distinguish details in 
the field of view sharply, as served his requirements when seeking 
vegetable food on, in, or near the ground, at any rate in his close 
neighbourhood, like the arboreal animals. It was different with the 
hunting and fishing Wadjak Man, to whom the minute details in 
his field of view were not so important. In accordance with his 
mode of living, the latter, judging from the preserved parts of the 
femur and the tibia, was equally slenderly built as the Australian 
aborigines are as a rule. He was, indeed, taller; therefore the bones 
are absolutely heavier. (thicker). The diaphysis of the femur meas- 
ures in the middle, sagittally 30 mm. (Neandertal 30, Spy 31), 
transversally 29 mm. (Neandertal and Spy 30); under the trochan- 
ter minor, sagittally 238 mm., (Neandertal 29, Spy 27), transversally 
33 mm. (Neandertal 34, Spy 35). The caput femoris has a vertical 
diameter of 47 mm. (Neandertal 52, Spy 53) and the same transversal 
diameter (Neandertal 50, Spy 52). Tlıe breadth of the proximal epiphysis 
of the tibia is 75 mm. (Spy 81). Consequently the Wadjak Man was much 
slenderer than the Neandertal Man (whose legs were much shorter). 
In all these points the Neandertal Man was the direct opposite of 
the Wadjak Man. The other peculiarity of the skull, so characteristic 
of the former, of Pithecanthropus, and of the Apes, namely the 
platycephaly, which generally goes together with a torus supraorbitalis, 
and which, with this latter, is entirely absent in the Wadjak Man, 
can now be explained as mechanically efficient: first to 
obtain a longer lever for the force of the muscles of the neck 
carrying the exceedingly heavy head, that hangs forwards, through 
the “chignon”-like bulging out of the oceiput; secondly to get a 
more favourable direction of the musculus epicranius in the conveyance 
of the strain from the oceipital bone to the frontal bone, in the 
direction of the longitudinal axis of the calvaria and of the zygomatic 
arches; thirdiy to make the head, which was always to be carried 
by museular force, less top-heavy, by transference of brain below 
the transversal glabella-inion plane (which I propose to demonstrate 
further in a following communication). Also the physiological pressure 
of the musculus epicranius, which worked exceedingly energically, 
may be considered as a direct cause of the platycephaly — inan 
analogous way as in the artificial deformation of the Marken skulls, 
according to Barak’s investigation '). 
92)... J. Barer, Beiträge zur Kenntnis der niederländischen Anthropologie. II. 
Schädel der Insel Marken. Zeitschrift für Morphologie und Anthropologie, Band 16, 
p. 465 —524, with one table and 6 plates. Stuttgart 1914. 
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It appears thus firmly established that Homo Reale Ali, 
Homo heidelbergensis) and Homo wadjakensis belong to two 2 
of Man opposite in every respeci, and that it is especially TR 
to derive this form of the type Homo sapıiens (though it is very old), 
from the other type. They may, nay they must, indeed, have sprung 
from a common Hominide branch in a fime geologically much more 
remote than that from which their fossil remains date. It need hardly 
be said that the latter cannot be identified with the time of their 
origin, nor without further proof, with the optimumr of their existence, 
nor with the end. 

Homo heidelbergensis and Homo wadjakensis were both optimate 
forms of their type. The best time of existence of the first type the 
Neandertal Man proper had certainly already long behind him. 
From the Second or Mindel-Riss Interglacial period, from which the 
lower jaw of Mauer (Homo heidelbergensis) dates, till the Third or 
Riss-Würm Interglacial period, from which most fossil remains of 
the Neandertal Man are, the type has greatly deteriorated, judging 
from the masticatory apparatus. lt then disappears soon, probably 
in the last or Würm-Glacial period (Spy), making place in Europe 
for several already very differentiated forms of the type Homo 
sapiens (Cro-Magnon, Combe-Capelle, Grimaldi). In the vegetable 
world which got poorer and poorer during the Plistocene epoch, & 
Man specially equipped for a vegetarian mode of living must have 
experienced greater and greater diffieulty in finding his food, whereas 
a carnivorous Man could always find an ample supply of food in 
. the animal world. The adaptation to the unfavourableness of the 
climate by the assumption of a more carnivorous way of living, 
could only be very limited in such a very specialised type as the 
Neandertal Man; the very small morphological approach in the 
masticatory apparatus to the type of Homo sapiens, may be aceounted 
for in this way. In the latter type, however, such an adaptation to 
a more omnivorous way of living, was indeed possible, which 
facilitated. the feeding; it was still more improved by the use of 
fire in the preparation of the food, all which eontributed to the 
development of the type Homo sapiens in his present form. 

It needs no further argument that the Neandertal-Heidelberg type 
cannot have arisen in the Plistoeene epoch. It is also impossible 
to assume this for the Homo sapiens type, because these two types 
must certainly come from a common stock, as is proved by the 
human shape of their bodies, and especially, because they had both 
already reached the height of modern Man in the principal human 
character, the very exceptionally large size of the encephalon;; it is 
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moreover impossible to assume this on account of the said early 
differentiation of sapiens-forms, also manifest in the Wadjak Man, 
probably the oldest, certainly the most primitive of the forms of 
this type known up to now. 

If therefore the Neandertal type and the Wadjak (sapiens) type 
existed already before the Plistocene epoch as real Human beings, 
which had a common human stock, it must have been in still earlier 
times that their common ancestor sprang from a biped, though only 
Man-like transitional type, possessing a less large encephalon. 


EXPLANATION OF THE PLATES. 


PLATE- 1 
Fig. 1. Wadjak I. Norma lateralis of the skull. As horizontal the Frankfurt 
plane. Stippled outline of a typical Javanese skull. 
Fig. 2. Wadjak I. Norma frontalis of the skull. As horizontal the Frankfurt 
plane. | 
Fig. 3. Wadjak I. Norma verticalis of the skull. As horizontal the Frankfurt 
plane. - 


Figures 1—3 in !/, natural size. 


PLATE I. 

Fig. 4. Wadjak II. Maxilla and mandibula. Left side. As horizontal the 
alveolar plane. 

Fig. 5. Wadjak II. Maxilla and mandibula. Facial view. As horizontal the 
alveolar plane. ; 

Fig. 6. Wadjak Il. Maxilla from below. Alveolar plane. The crowns of the 
right 5, and of the left =, and m; must lie 1 mm. more to the outside, the 
crown of the left 5%, 0.5 mm. in the figures 4, 5, and 6, on account of 
deformation in correspondence to twice the amounts in the original. 

Fig. 7. Wadjak II. Mandibula from above. Alveolar plane. 


Figures 4—7 in !/, natural size. 


Fig. 8. Vertical cross-sections in the symphysis line of the mandibula .of 
Wadjak II (full line), Homo heidelbergensis (broken line), and an Australian 
(stippled line), by the side of it a Frenchman. The two latter according to 
BouLe (loc. cit., p. 88, Fig. 56). All these from plaster casts, except the Mauer- 
jaw, which is from a figure of the original (O. SCHOETENSACK, Der Unterkiefer 
des Homo Heidelbergensis. Jena 1908, Table 8, Fig. 20 and Table 13, Fig. 48). 

Natural size. 


Physics. — “On the application of Eınstem’s theory of grawitation 
to a stationary field of gravitation.” By H. A. Krausrs. (Com- 
municated by Prof. H. A. LoRrENTZ). 


(Communicated at the meeting of September 25, 1920). 


$ 1. Definition and invariant properties of a stalionary 
field of gravitation. 


We will call a field of gravitation stationary when the expression 
for the line element can be put into such a form ds? = g„‚da.da,') 
(x, time-coordinate, x,, 2,, 2, space-coordinates) that the gravitation 
potentials g,, do not depend on the time @,. A special case of the 
stationary field of gravitation, defined in this way, forms the 8o- 
called “static” field of gravitation, which appears when it is possible 
by a suitable transformation to make the quantities 901, 9og and go3 
equal to zero. It is simply seen, that when the line element of a 
stationary field of gravitation is brought in the above mentioned 
form, the most general transformation of coordinates, for which the 
g"”s remain independent of the time, and for which a point at rest 
remains at rest, is given by the formulae 


A (k=1,2,8) 1 

2, =as, + Vla 2, €). = 

Here yr and w are arbitrary functions of x’, ',, «',, while a is 

a positive constant. The quantities g,, and their derivatives show, 

with regard to the transformation group expressed by (1), certain 

invariant and covariant properties, which we will now investigate. 
The line element may be written in the following form, 


700 


e I 
ds’—g,,da,da,—-S Gudepdeıı (Ind, +9,18, +9,,d2, +9,42)? , 
. (2) 


Ge. = — gl: JOR ol 


00 


+) 


5 N 
) Just as EinsTEIN we have omitted the sigßns of summation for summations 
which have to be extended over indices, which occur twice in a product. 
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where the summation has to be extended over 4,/—1, 2, 3. When 
in the following an index can assume one of the values 1, 2, 3, 
we will denote this index by a Latin letter. If on the contrary an 
index can assume one of the values 0, 1, 2, 3, it will always be 
denoted by a Greek letter. In case of summation over an index, 
oceurring twice in a product, the sign of summation will be omitied 
in both cases. If now we perform the transformation (1), the 
expression Gr dar dw; becomes again a quadratie form of the diffe- 


1 
rentials of the space coordinates, and — (ga. dx.)” becomes again the 
700 
square of a linear differential form. Since the separation in two 


parts of the expression of the line-element given by (2) is only 
possible in one way, we may conclude, that the expressions 


de ,)” 
@Gzı de; deı and (90. dan) 
Ioo 
are invarlants with regard to the transformation (1). Consequently 
the quantities g0,/V goo Possess the character of a vector, and from 


this we conclude again, that the bilinear differentialform 


—(®) ur (@*)\ nur EA Tun G, 
dw. G3 dw, q8 
00 00 


is also invariant with regard to the transformation (1). The constant 
s may be chosen arbitrarily, because the quantity g,, appears only 
multiplied by a constant factor after the transformation. Choosing 
the special value s=1, we see that all terms for which u = 0 
or v—=(0 become equal to zero, so that in this case we may omit 
the index 0 under the summation, and we obtain the result, that 
the expression 


Eee) 
% 0177 Ioo 077 00 
is invariant. As the coeffiecients of this differential form are anti- 


symmetrical with regard to the indices k and /, we may consider the 
expression (4) as a linear form of the differentials dig; = dagda— drrde:. 


s—3 


7 


00 


day. da er Ma) 


Now for a threedimensional extension, the expression ZV G@Da„darı, 
remains invariant for an arbitrary transformation of coordinates, 
where @ represents the determinant of the coefficients @% in the 
expression do’ — Gyıdard, for the invariant line-element, and where 
under the summation the indices k,l,m assume the sets of values 
1,2,3 and 2,3,1 and 3,1, 2. Consequently the quantities VGdenı 
are transformed as the components of a covariant vector (if we, in 
the usual way, call the transformation of the components dig of a 
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small displacement contravariant). From the invariance of the 


expression (4) we may thus eonelude, that the quantities ') 


| 9 (gu -.(®) a 
le )- dw| Goo ’ 


where &,lım again may assume the sets of values 1, 2,3 and 2, 3,1 
and 3,1, 2, with regard to the transformation (1) are (he contra- 
variant components of a vector in the three-dimensional extension 
with the invariant line-element do’ = Gyıda,.de.. The invariant ab- 


solute value of this vecetor is given by R=V Gyı ReRi. 

If the components A" are everywhere equal to zero, we have to 
do with a static field of gravitation. In fact, from (5) follows that 
in this case the quantities 90%/g., may be deduced from a potential 

op : 
p in such a way that g0k= Jeo Be but from this follows again, 
that the line element may be written in the form ds’ = — Gy dardeı + 
+ g9,..de,, where 2) =, + 9. 

If the components A” are not equal to zero, these quantities deter- 
mine in every point what might be called the “rotatory’ properties 
“of the stationary field of gravitation. This may be illustrated by 
considering the motion of a masspoint, the velocity of which is small 
compared with the velocity of light. In general the “worldline’” of 
a masspoint is determined by the equations 

d’a, \w di, da, 
+ Er. 

If now we assume, that by a suitable transformation of the kind 
(1), the line-element has been given the form ds? = de,’ —de, ’—de,’— 
da,’ at a given point P of tlie worldline, it may be easily verified 
that the equations (6), looking apart from small terms of the same 


order of magnitude as the square of the veloeity, in the point P 
assume the simple form 


ee) (# en ea =) _ 409 . (Mm 
da,” dir, de; 5 One 

where %4,l,m just as before may assume the sets of values 1, 2, 3 
and 2, 3, 1 and 3, 1, 2. From these equations we learn that the 
“force” which the field of gravitation in the point P exerts on a 
mass point of unit mass may be described as the sum of a Corio- 
lis-force perpendicular to the velocity and proportional to it and of 


a force, which may be derived from the potential 4 9,.- 


j } i 
). If we admit only such transformations, for which the functional determinant 


is positive, we may by the root-sign in this expression always understand the 
positive root. 


un 
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lf next we consider the motion of a mass-point in a conservative 
field of force, such as would take place according to. Newtonian 
mechanies, we obtain equations of motion of the same form as ar 
if the Cartesian eoordinates deseribing the position of the mass-point 
refer to a system of coordinates which rotates uniformly in the 
space. In fact, if the equations of motion in the non-rotating system 
of coordinates possess the form 
d’wr op 
a - dar 
they obtain in a system of coordinates «’,,@,,.,, which rotates 
round an axis through the origin with an angular velocity R which, 
considered as a vector, possesses the components — R', — R? and 
— R°,') the form: 
Ux ars ( da m R =) ® 0 (P—W) 
dt dt 
v=$t(R)’ (a) ta,’ +a’)— (Ra, Ra, + R’i,), 


which coineides exactly with the form of the equations (7), if we 
put =a,andg—yw=L}g,.. The essential difference with the 
equations of motion in the non-rotating system of coordinates lies 
eonsequently in tbe appearance of the Üoriolis-forces, and we are 
justified in denoting in the following the vector A%* as the “rotation- 
vector”. 

The character of 'the rotation-vector may also be examined in the 
following way. We will try by a transformation of coordinates of 
the form (1) to give the line-element of a stalionary field of gravi- 
tation such a form, that in a given point / not only the relations 
I = &m, are valid, where the quantities e,, are defined by 

a u et re 


= Im,k 88 many of 
them as possible become equal to zero. If it was possible to make all 
the latter quantities equal to zero, we should obtain in this way a 
system of coordinates, which is “geodetic” in P. Now it is always 
possible in many ways by means of a transformation (1) to make 
the quantities g,, assume the values &,, in the point 7, but in general 
it will not be possible to make all quantities g„,. equal to zero. In 


but that at the same time the quantities 


I) Here and in the following we will assume the usual rule, that to a 
rotation in a plane corresponds a direction of the normal of this plane in 
such a way, that, for a rotation in the x,, %-plane from the positive x]-axis 
to the positive x,-axis through an angle smaller than 7, the corresponding 
normal points to the same half-space as the positive x;-axis. 
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the first place this is easily seen to hold for the quantities g00,k» 
because goo by the transformation (1) isonly multiplied by a. constant 
factor; but neither the quantities go,r can all of them at the same time 
be reduced to zero, because this would mean, that the components of 
the rotation-veetor would be equal to zero, and this is in general 
not the ease. On the other hand it is obviously always possible to 
perform such a special transformation, that the system of coordina- 
tes in the three-dimensional extension with the line-element do’ = 
— @%41 die, day becomes geodetie in the point P. In this way we get 
OGRı —() and consequently also Ykı,n = 0, since gu = — Ger 
0x 900 
and since the quantities 9% are equal to zero in the point I: 

Let us now imagine, that by means of (1) the line-element has 
been given such a form, that in a given point 7’ the following 
relations are valid 


a) Ip = Euy 


b\moas=.I (9) 


c) gor,i + 901, 0 


As regards the third of these conditions it will be observed, that 
it is always possible by a suitable transformation of the time to 
effect, that the symmetrical quantities Axı= gor,ı + 901,2 become equal 
to zero in P. In fact, it is easily shown that, if the conditions (a) 
and (d) are already fulfilled, but not yet (c), the transformation 
ao, —=a, + 3 (Arı)P (ar — (ar)P) (xı — (el)p) leads us to the desired 
purpose. Thereby we have denoted the value of a quantity in the 
point P by adding the index P on the right below. Let us now 
perform a transformation of coordinates, which corresponds to a 
uniform rotation, around an axis through P, of the x, x,, 2,-space 
(considered as a Euclidean space with the line-element de? = de,’ + 
dx,’ + dx,’), the angular veloeity of which considered as a vector 
has the components R‘, R?, and R’. After the performance of this 
“rotation transformation”, which does not belong to the group 
of- transformations (1), the relations (a) and (b) are still valid, 
but also all the quantities 9or,i have become equal to zero. This 
may be proved by a direet caleulation, and the proof becomes 
especially simple, if we assume, that in ? the quantities R' and R? 
are equal to zero, so that we have to do with a uniform rotation 
round the axis of the coordinate &, with an angular velocity 
R’=o. Since in the point P the quantities Rx reduce to 
3 (Yom,l— J0m), we have in consequence of relation (c), that of all 
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quantities gor,ı only the two quantities Yoı. and Yoa,ı are different 
from zero in such a way that & = 9os,1 = — va. The rotation- 
transformation can now be written in the form 


2, — (e)p=®, 008 wa, —w, sin ww, 
2, — (a,)p=«,snmoa, +«, sw, 

If now by means of- this formula the line-element (2) is trans- 
formed, and if we make use of the above mentioned relations (a), 
(6) and (c) it is easy to verify: 

That for the transformed quantities g',, in the point /P the rela- 
tions (a) and (d) are still valid. 

That, although the g,,’s will contain the time «,, their first derivatives 
with respect to the time will be equal to zero in P, and that equally 
all derivatives of goı 90a and 903 have become equal to zero. 

We thus see in the first place that, after the rotation-transforma- 
tion, the equations for the world-line of a mass point, the veloecity 
of which is small compared with that of light, assume in the point 
P the simple form 

dep: 709, 

Ra 
so that the term corresponding to a Coriolis-force appears no more, 
which was naturally to be expected from the above considerations. 
Let us further consider the special case, that in the point / the 
mass point can remain in equilibrium; that is, that in this point the 
quantities 900. in the original system of coordinates are equal to 
zero. In this case we find, that in the new system of coordinates, 
to which the rotation-transformation has given rise, all quantities 
ww, Without exception disappear in the point P, so that this system 
of eoordinates is geodetic in that point. 


$ 2. On the field of gravitation, which is produced by 
stationarily moving masses. 


Let us consider a space-time-extension, for which the line-element 
at large distances from the zero-point of the coordinates approaches 
to ds? — da,’— de, ’—dir,’ —dx,’ ') and in which there exist masses, 
which perform stationary motions; that is, the components 7',, of 
the energy-tensor of matter do not depend on the time. The field 
of gravitation, to which these masses give rise will then be stationary 


1) Here and in the following we shall always assume that the centimeter 
has been chosen as unit of length. The unit of time is then determined by 
the condition that the velocity of light is equal to 1. 
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in the sense deseribed in $ I, and is determined by the equations 
of EınsTkin 
Rus = % gm R= —8n% T um er 33 (10) 
in which R, is a tensor of the second order, which depends only 
vo 


on the g’s and their derivatives: 
e 
E O0 


0 0 (w \up 

%,lel dale | lol 
while 2= 9” Ru. * is the gravitation constant of Einstein, which, 
if we choose ‘the gram as unit of mass, is equal to 7,4.10=®. If 
we assume that the gs of the line-element which corresponds to 
the field of gravitation, only differ little from &,,, there exisis a 
simple method indicated by Eınsrein to obtain in first approximation 
a solution of the equations (10). This solution is obtained by writing 


Gun = Eye Pf Tr Be 
where the functions y,, everywhere possess a very small value, and 
introdneing the quantities y'„ defined by 


00 
[0 


1g 
y} 


Rus —— 


o 


Yan N 4 Euy (&x3 Yap)ı 
which give 


Yır — Yin» >= $ Eu (Ex3 Yas)ı . . . . . . (12) 
the values of the y'„ in the point @,, «,,.@, and at tbe moment 


x, may ‘be caleulated as retardated potentials by means of the 
formulae 


m ‚Ir. = Arte 3 
en u | 5 2 = = 3 dS Pe EN Er (13) 


r 
Here dis represents the space-element da, de, de, and r represents 
the distance from that space-element to {8 ppint 
a, dy 8, Be len : la, + (a, IE 
The addition [= w— r] means that everywhere the value of 
T,, at the moment a,—r has to be used. If we apply the formulae 


(13) to our case where the 7',’s do not depend on the time, we 


may clearly omit the latter condition, and we obtain the usual 
formulae for static potentials 


1 Ts 
Ye 4n [© as. ee 


We will now caleulate the components 
the. point z,,0,,«, 


of the rotation-vector in 
Neglecting small terms which relative to the 
main terms are "of the same order of magnitude as the 


ws, we 
obtain for the x, -component of the rotation- vector 
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MER 7108 (2) > (2) 
R'= er 
Ing Rn Ion Or, \Ioo 


BR | (ru 
02,\r Ow, 


and analogous expressions for the components AR? and R°. With 
neglect of small terms of the same order of magnitude as the square 
of the velocities of the masses we have further the formulae 

Fe 


where m is the density of mass. of matter, and v,,v,,v, denote the 
components of the velocity of matter. If we substitute these values 
An the expression found above, we get 


4m, me] Ze no, T 


02 03 = mv, 


00 01 


(,—%,) Pu (v,—®,) ®, 


y3 


R!: = 2x Im 


IS sein) 


and correspondingly /t? and ZA°. This formula teaches, that the con- 
tribution of every mass particle to the rotation-vector in point P is 
equal to tlıe moment of momentum of the mass particle with respect 
to the point /?, divided by the cube of the distance from P, and 
multiplied by twice the gravitation constant of Einstein. 

Formula (15) can be applied to a problem which has been treated 
by H. Taırkıne ') in order to illustrate the influence of rotating 
masses on the field of gravitation. A homogeneous spherical shell 
with mass M and radius « rotates with constant angular velocity 
® in a space, in which no other matter is present, and for which the 
quantities g„, approach to &,, at infinite distance from the centre. 
It is asked to determine the influence of the spherical shell .on the 
motion of a mass point, which is Iying just at the centre OÖ. The 
field of gravitation produced by the shell is stationary. From symmetry 
we may further conelude that in 0 a mass point can remain in 
equilibrium; that means that in this point the quantities an dis- 
appear. Approximately, that means omitting small terms proportional 


to @?, 9, will even be constant in the space within the.slell, and 
2 


go 

dr, dwı” 
point at rest just outside O, will in general be proportional to @?, 
but eannot be determined if the constitution, of the shell has not 


the quantities which determine the force exerted on a mass 


1) H. THırrıng, Phys. Zeitschr. XIX, p. 33 (1918). 
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been defined in nearer details. The rotation-veetor in 0, howeing 
may directly be caleulated approximately by means of (15). Its 
direetion is of eourse parallel to the axis of rotation. We intro- 
duce a system of Oartesian coordinates #, y, 2, the origin of which 
coineides with O, and the z-axis of whieh eoineides with the axis 
of rotation. Let the mass of unit surface of the shell be denoted by 
m. The eontribution to the value of R* which is due to a ring of 
the shell, tbe angular distance of which to the z-axis is equal to», 
will then be equal to 

©.20+y.yo »Mw 


2u X na’ sn ad) X m = x sin’ I. de 
and for R* itself we thus get 
M : 4x Mw 
Ra ” fin ».a9 — ne el 
a 3a 


0 


From this we learn that if in O we introduce a system of coor- 
dinates, which rotates uniformly in the same sense as the shell with 


4Mx . 3 
an angular velocity equal to nn times that of the shell, the Coriolis- 
a 


forces will disappear from the equalions of motion for a mass point 
in O. This result is in agreement with the results obtained by 
Turrkrıng in his above mentioned paper. 

Another application of formula (15) may be obtained in connection 
with the following problem. Let us imagine a uniformly rotating 
sphere, such as e.g. the earth, and let us suppose that the 
Fovcaurr’s pendulum experiments are performed at the northpole. 
Then it will be found, that the plane in which the pendulum 
moves, will not remain at rest with respect to the fixed stars, but 
will rotate slowly in the same sense as the earth. The angular 
veloeity of this slow rotation is given by the absolute value of the 


rotation vector at the pole, which by means of (15) may be found 
by simple integration. We find 


Ro. 


where M denotes the mass of the earth, which is supposed to be 
homogeneous, while a and w represent the radius and the angular 


veloeity of the earth. The factor u 


is of course so small (eirca 


5.1010), that it will be impossible to detect this rotation of the 
plane of the pendulum. Also at lower latitudes a similar influence 
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on the result of. FoucauLt’s experiments must be expected, but we 
will not enter here into this problem. 


$ 3. Influence of a stationary field of gravitation on the motion 
of a rigid body round its centre of gravitation. 


In the former $ we have given an example of the appearance of 
the rotation-vector; the present $ forms a direet continuation of $1 
and gives the necessary preparation for the treatment of the problem, 
which will be discussed in $ 4, and which deals with the influence 
of the sun’s field of gravitation on the precession of the axis of 
the earth. 

lf in the following we speak of a rigid body, we mean only a 
body, which is practically rigid, and which can move in the way 
well known from classical mechanics, characterised by 6 degrees of 
freedom, without changes of form or the appearance of enormously 
high stresses. Thus we will assume that the linear dimensions of 
the body are so small, that the “geometry’” inside the body, which 
is determined by the quantities g,, and their derivatives deviates 
very little from the Euclidean geometry, and also that the relative 
velocities, which the different parts of the body possess relative to 
each other, are very small compared with the velocity of light. For 
such a rigid body it is possible directly to determine the values of 
the components of the energy-tensor of matter to an approximation, 
which may be exactly defined. In fact, if we introduce such a 
system of coordinates that in every point within the body the line 
element only differs very little from ds’ = da —de ’—dı,’—dx,’ 
— a8 a consequence of the above mentioned assumptions this will 
always be possible — and if we denote by v a small quantity of 
the same order of magnitude as the velocity = of the different 
7: «6 
parts of the body, we have — neglecting small terms, which relative 
to the main terms are of the order v” and of the same order as 


the small deviations of the 9,,’s from the es (see (8)) —: 
der 
WM, Re SD.) 
da, 
while the quantities 7’. (4,/=1,2,3) which are eonnected with the 
stresses existing in the body, and which can only be determined, if 
the constitution of the body is known more closely, will be small 
compared -with the quantities 7%, and may be considered as being 
of the order of magnitude v’. The quantity m in the formulae (18) 
represents the mass per unit of volume. Further it may be remarked, 
89, 


Proceedings Royal Acad. Amsterdam. Vol. XXIll. 
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that apart from the sign, we need not distinguish between eovari- 
ant, contravariant and mixed components oftheenergy-tensor'). Theore- 
tically there will be a difference, but this difference will be of the same 
order of magnitude as the small deviations of the 9„’s from the 
&w 5, and small terms of this order have already been neglected in 
the establishment of the formulae (18). 

In the former we have fixed the properties of a rigid body with 
an approximation, sufficient for our purpose. Let us now imagine 
such a body at a certain time to be placed in a stationary field of 
gravitation in such a way, that its centre of gravitation is at rest 
and coineides with a point 7? of the field, where all the derivatives 


077 l $ | 
I. gr6 equal to zero, and we propose to discuss the influence, which 


2% 
the stationary field of gravitation will have on the motions, which 
will be executed by the body. We will begin by proving, that the 
centre of gravity will remain at rest in ?. For this purpose we will 
use the equations of energy and impulse of matter: 

oT, br | 9 
0 0m 


Te — 0, Te — Toy u 2 le 


where 9 represents the determinant of the quantities gu,. We will 
assume, tbat by means of a suitable transformation of the form (1) 
the coordinates in P are made to fulfill the conditions (9). Then the 
98 may in the neighbourhood of / be represented by 


ya 
900 = E&oo + } (9oo,mn) P Um ns ( re, 
Ian 


Jok — (9ok,m) P m + % (Jok,mn) P Emm, =, 07 une ra. (20) 
gen +4 (Ikl,mn)P Im &ns 7 


Here we have assumed for the sake of simplieity, that the eoordinates 
©. @, and x, are equal to zero in the point P and have neglected 
small terms of the order of magnitude 2°, «* ete., that is, terms 
which would contain products of three or more «’ys. 

Let us now consider a closed surface in the x, -@,-0,-Space, which 
encloses the body under consideration, and in the inside of which 
the relations (20) hold, and let us integrate both sides of (19) over 


the space inside this surface. Then we get, denoting the space element 
de, de, de, by dS: | 


dıry, 
u Er an: te Nn=TITo=m. 


N MY NN E e ) 
«og 


”“ 
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d R » 
all? is) a (Gr 700 d,S + (x, dp [Tor ds n 
0 


Zei (ande | 217 as +... a a lol) 


Here we have omitted terms, which would be of the order v® 
(terms with 7’*l) and of the order x’. The left side of (21) represents, 

apart from the sign, the variation with the time of the total 
_ momentum of the body in the direction of the «i-axis. The integral 
in the first term on the right side (order of magnitude x) represents 
the total moment of the body with respect to a plane through P 
perpendieular to the z1-axis and is equal to zero, because we have 
assumed that P coincides with the centre of gravity. The integral 
in the second term on the right side (order of magnitude ») is equal 
to the total momentum of the body in the direction of the »;-axis 
and is also equal to zero, because we have assumed that the centre 
of gravity was at rest at the moment under consideration; finally 
the third term is a small term of the order of magnitude xv and 
may be neglected, since we already have omitted terms of the order 
of magnitude «* and v*. From this we see that in first approximation 
the momentum of the body remains zero in the course of time, and 
that consequently also the centre of gravity remains at rest. (Here 
it may be of interest to mention, that it is impossible to fix the 
centre of gravity of a body in an invariant way; if we try to keep 
to the classical definition, there always exists a small uncertainty 
in the position of the centre of gravity, the order of magnitude of 
which may be easily indicated). If we assume that the equilibrium 
of the body in / is stable, equation (21) allows us also to caleulate 
the small oseillations, which the centre of gravity can perform in the 
neighbourhood of 7, but we shall. not enter further into this point. 

We will now proceed to consider the possible motion, characterised 
by three degrees of freedom, of the rigid body round its centre of 
gravity. This may be done most easily by caleulating the rate of varia- 
tion with the time of the moments of momentum of a body round 
the axes of coordinates. For this purpose it will be of advantage to 
introduce the system of eoordinates, which was discussed at the 
end of the first $, and which appears. by the “rotation-transfor- 
mation’’ mentioned there (see p. 1056). This new system of coordi- 
nates rotates uniformly round tbe point ? with respect to a system 
of eoordinates, which is at rest in the stationary field of gravitation, 
with an angular velocity, the components of which coineide with 
the components A; of the “rotation-vector”, and we shall investigate 
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the moment of momentum of the body with respect to these coor- 
dinates. In the point P this system is geodetical at any moment, 
but the quantitieg g„, will, in contrast to what was the case before, 
depend on the time «, and will be periodical with respect to the 


time in ? with a period 7’= ei where A? represents the absolute 


value of the rotation-veetor. In the neighbourhood of P we have 
now, instead of (20), the following formulae 
Ip = Eu +% (9u,mn)P By (pp =. "2 SB (22) 
where the quantities (g2,m)p are periodical functions of the time. 
In order now to determine the variation with the time of the moment 
of momentum round the »,-axis we make again use of the impulse 
equations (19), and get from these: 
7 ce 2 + 3 (8, 92,3 — 9, 92) T®. 
da, 0@) 

Integrating again over a closed surface in the », —2,—x,-space, 
which encloses the body, we find with neglect of terms of the order 
zv?,ev?,wv*, and higher orders: 


d 
Pr = (fe. T,' ya: 2 as) = 2 ı[@, (900,3) P = 


— #0, (900,3 ) P)an I9 dSs u sm (a9 

The left side represents the variation with the time of the moment 
of momentum of the body round the »,-axis; the right side may 
directly be interpreted as the »,-component of the couple, which a 
field of acceleration with potential + 3 g,, exerts on the body, and 


is obviously closely connected with the integrals far T,,dS,which 


determine the ellipsoid of inertia of the body. In case of a homo- 
geneous spherical body they are as is well known equal to zero. By 
means of (23) and of the two analogous equations, which refer to 
the moment round the «»,-axis and the x,-axis, the motion of the 
body round its centre of gravity in the stationary field of gravita- 
tion may thus be determined completely. It may be described as a 
PornsorT-motion, which is more or less disturbed by the influence of 
a field of acceleration with potential + 39, (right side of (23)), 
and on which is superposed a uniform rotation, the components of the 
angular velocity of which are given by R,R, and R,. The latter rotation 
is quite independent of the properties of the body, in contrast to the 
influence of the field of acceleration, which is intimately connected 
with tbese properties, and which e.g. disappears, if we have to 
do with a homogeneous spherical body | 
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Until now we have neglected the influence on the field of gravi- 
tation due to the body itself, but in the applications to special cases 
such a negleet might not be justifiable. When e.g. in the next 
$ we will discuss the praecession of the axis of the earth, we have 
to do with a body, the “own” field of gravitation of which is much 
stronger, e.g. at its surface, than the field of gravitation arising 
from the sun (which appears as is well known in the forces, which 
cause the tides). We might imagine that in such a case other forces 
might influence the motion round the centre of gravity, which are 
much stronger than the forces just considered, or which disturb 
these forces essentially. A eloser consideration slows, however, that 
if the mass of the body is so small, that at large distances it can 
only cause small changes in the original stationary field of gravitation, 
the own field of gravitation will only cause a small change in the 
motion of the body, which may be considered superposed on the 
influences of the stationary field of gravitation considered above, 
and which will be proportional to the mass of the body. 

In order to show this let us first imagine the body placed in a 
space, in which no other matter is present, and the line-element of 
which approaches to ds’ = da,” — da,” — da,’ — da,’ at infinite 
distance from the origin. Then it is easily seen, that in first 
approximation the own field of gravitation will have no influence 
at all on the Poınsor-motion of the body, because the “forces’” 
determined by the g,,’s, which the different parts of the rigid body 
exert on each other in first approximation will fulfill the principle 
of action and reaction, just as is the case in Newron’s theory of 
gravitation. This may easily be proved by applying Eınstkin’s 
approximative solution of the field equations, described on page 1058, 
on the impulse energy equations (19), but for the sake of brevity 
we will not enter into this proof. 

Let us again imagine the body placed in a stationary field 
of gravitation with its centre of gravity at the point 7. Let us 
suppose, that the original values of {he g,,’s only undergo small 
changes A,, on account of tle presence of the body, and let the 
new values of the g„,’s be denoted by g'„, so that 


gm = Yu a Du Bd Ri, u‘ (24) 


Then we obtain, by applying the field-equations (10), for the A,,’s 
a set of 10 partial linear inhomogeneous differential-equations of the 
‚second order, of which we will assume that there exists a regular 
solution. (If necessary boundary conditions must be given. If the 
stationary field of gravitation is such that the line-element every- 
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where differs very little from ds’ = da,’ — da,’ — de,’ — da,” and 
becomes equal to this expression at infinity, the A,,’s might simply 
with a high degree of approximation be caleulated by means ofthe 
formulae. (13) of Einstein). Inside the body and in its neighbourhood 
this solution will be the same as in the absence of the stationary 
field of gravitation, and just as before there will be no direct 
influence of- the own field of gravitation on the motion of the body. 
Further it is easily seen, that the values of the A,’s at large 
distance from the body to a high degree of approximation will 
depend only on the total mass of the body, because at such large 
distances the influence of the body can be considered as that of a 
singular point (or as a singular line in the space-time-extension) 
characterised by the integrals of the quantities 7’, over the volume 
of the body. But, always neglecting small quantities of the order 
v’ and higher orders, the integrals involving the 7%’s may be 
neglected, while those of the 77,’s disappear, because the centre of 
gravitation is at rest; so that we only have to do with the integral 
of.T',, extended over the volume, that is with the total mass M of 
the body. Thus we find that the body will exert small forces 
proportional to M on the bodies, which give rise to the stationary 
field of gravitation. The motion of these bodies will therefore undergo 
a small perturbation, and as a consequence of this the g,,’s of the 
stationary field of gravitation itself will again undergo a modification. 
Instead of (24) we must therefore write 


Ya In Ant Dim ae, ner 


where the A'„’s represent the modifications just mentioned. The 
A'„'s are terms, which will be small compared with the A,„,s, and 
which will be proportional to M; in contrast to the terms A,,they 
will, however, in general have an influence on the motion of a 
body, which clearly will be proportional to M. 

In order to discuss this influence we will confine ourselves, for 
simplieity, to the case that the A',,’s are independent of the time. 


! 


In this case the quantities - will in general not be equal to zero 


E77 
in the point P, so that there must be found a point ’ in the 
neighbourhood of P, where the centre of gravity of the body may 
remain at rest. Further in order to determine the components of 
the rotation-vector we will have to introduce in the formulae (5) 
instead of the quantities g,, the values of the quantities gu, + A’, 
and of their derivatives in the point: P’. In this way a small modi- 
fieation proportional to M will be found in the values of the rotation- 
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vector at the point, where the body is situated, and in consequence 
of this a corresponding modification in the perturbing influence, 
which the field of gravitation exerts on the motion of the body. It 
will also be clear that the influence which according to equation 
(23) is exerted on the motion of the body, will undergo a modi- 
fieation proportional to M. 

The results of this $ may be briefly stated as follows. If a rigid 
body is situated in a stationary field of gravitation with its centre 
of gravity at rest, the Pormsot-motion, which the body in the absence 
of the field of gravitation would perform in the way well known 
from classical mechanies, will be disturbed by a superposed uniform 
rotation, which is independent of the properties of the body, and 
at the same time by the influence of a conservative field of accel- 
eration, an influence, which is elosely connected with the properties 
of the body (c.q. in the ellipsoid of inertia). The “own” field of 
gravitation of “ body will — in first approximation —— have the 
effect that all quantities, which characterise the position and the just 
mentioned perturbations in the motion of tle body, will undergo 
small modifications proportional to the mass M of the body. 

In’ practical applications all these influences may of course be of 
quite different orders of magnitude, and it may happen that some 
of them practically may be neglected, while others are so large, 
that the approximation perhaps has to be carried on further than 
indicated in this $. 


$ 4. Influence of the field of gravitation of the sun on the 
rotation of the earth. 


The line element of the field of gravitation, to which the sun, 
which is supposed to be at rest, gives rise, can be written in the 
following form, which for the first time was given by SCHWARZSCHILD : 


ds? — (i 2 *). ar? — Bee (49? + sin? 9 dıp?), . (26) 

Er: 2% 
A 

where 7’ represents tlie time, the unit of time being chosen such that 

the  veloeity of light at large distance from the sun approaches to 

unity. 7, U, g are polar coordinates, which determine the position 

of a point in space, and « is a constant, which is connected with 

the mass Mz of the sun by the formulae 
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dm eiMz wo Tew. Riesen 


where x again .denotes the constant of gravitation (see p. 1058). 
Let us now introduce a new system of coordinates, which rotates 
round the axis of the original system of coordinates with an angular 
velocity ®. The line element in the new coordinates may then be 
caleulated by means of the transformation 
y=y+tuT 
This gives 
r 


Re (i nn r? sın? I or) dd 


— 2r sin" dwdpdT — 
dr? 


(28) 


— r? (d3?” + sin? I dp?) | 
ke | 
r / 

The field of gravitation corresponding to this line element is 
stationary. We will first try to find a point ?, where a mass-point 
can remain in equilibrinm. In such a point the first derivatives of 


Iır=1 — © j8 sin? do" are equal to zero. This gives the following 
= 
conditions, which must be fultilled by the coordinates of P: 


f) 
Burn: Send zus SIT 2 an Fa —— 
Or 2 9% 


From this we see, that a mass-point can remain at rest at every 
a 3 
point P, which lies in the equatorial plane Ds and for which 
the distance A from the sun fulfills the relation 


2 Aw, ee 


This relation gives us therefore the connection between the angular 
velocity and the orbital radius of a planet, which moves in a cirele 
round the sun. er 

In order to discuss the rotation of such a planet round its 
axis we shall begin by caleulating the rotation-vector in P. In 
order to find, by means of (5), its contravariant components we 
want to know the value of the determinant @ of the quantities 


Gu=—gur 


We find 


00 
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1 8 2 
r r’sın’dw 
G, ee ve Gy zer’sin”d H | ) =: 
1 a . 
ehe 1— - = rin’ dw! 
r r 
a 
1 
{ r 
=r sn’) — - ‘ 
a Dane 
1— - — r sin’ dw! 
r 
- i 1 le=% 
Wet, rt, Gaezen,, eind fr aus 
n q 1-*/,—r?’sin?) «° 
P 
r* sin’ $ 
IT 


Since the derivatives of g7r are equal to zero in the point P, the 
expressions (5) reduces in that point to 


() ol f) ok 
(An )P = ä en ol am: 9 
V 9.6 Or dw, 
This gives 
f) 
R' == ı ‚2 er) S = R 
(R’)p de: 39. (r? sin’ do) = 0 


1 f) rsin’ dw (0) 
We) 1 a {v8 sin? % ©) — ( mn )=3 , (Rt P= 0. 
er 908 dr Vrsiny/p A 
Consequently the rotation-veetor in P is perpendieular to the 

equatorial plane, and for its absolute value / we find 


R=VOuRR=RyYOs=, .A=u, 3.082.180) 


According to $ 1 p. 1057 this result means, that for an observer 
placed at the earth the sun rotates with an angular velocity ® with 
respect to a system of coordinates, in which no Coriolis-forces are 
present, i.e. in which the Galileian law of inertia holds. On the 
other hand, from the point of view of the same observer, the sun 
rotates in the same sense with respect to the fixed stars with an 
 angular velocity equal to the product of & and the ratio of the 
time-unit of an observer on the earth and an observer, which is at 
rest at infinite distance from the sun, since, according to the formulae 
in the beginning of this $, & represents the angular velocity of 
the earth round the sun, if the last mentioned time unit is used'). 


!) Originally the writer had simply put the angular velocity of the sun with 
respect to the fixed stars equal to w, and as a consequence of this obtained 
he result that Eınstein’s theory of gravitation did not claim a non-Newtonian 
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From formulae (28) the ratio of the two time units in question 18 


u a R ” 2 D 
found to be equal to the value of BE — — — r?@?sin?% at the point 


ie 
1, 
1 ] 31 | ) Me Zu 7%) 1e 
where the earth is situated. Since at this point ı } 5 


BY7; 

ralio in question is equal to 1 et 

It is therefore seen, that a system of coordinates in which the 
law of inertia holds, at the point where the earth is situated will 
rotate with an angular velocity 5 > vr o (where v is the velo- 
eity of the earth in its eircular orbit) with respect to the fixed stars 
in the same sense as that, in which the earth rotates round the sun. 
From this result, and from the results in the former $, we may 
therefore conelude that according to the gravitation theory of EınsTEin 
there will be a contribution to the precession of the axis of the 
earth in progressive sense, which is independent of the constitution 
of the body of the earth, and which amounts to an angle equal to 
one and a half times the ratio of the velocity of the earth to the 
veloeity of light, i.e. to 0,019 are seconds anually. The existence of 
a non-Newtonian precession of this kind has for the first time 
been suggested in a paper by Professor ScHovTen. ‘) In this paper 
attention was drawn to the eircumstance, that the field of gravita- 
tion of the sun is such, that a sınall body, which was made to 
move geodetically along a circle round the sun with radius A, would 
no longer have the same position as before at its return to the same 


point, but that it would be turned by a small angle equal to T. 
in the same sense as that, in which the body had moved along the 
eirele, and it was pointed out, that this result suggested a possible 
precession of the axis of the earth with respect to the fixed stars. 

Now it remains to investigate the influence, which what we have 
called the “own” field of gravitation of the earth, may exert on its 
motion. According to what has been said in the former $ (p. 1067), 
we may -expect, that this influence will cause perturbations as well 
in the orbit of the earth as in its motion round the centre of gra- 


precession of the kind described. I am indebted to Dr. FOKKER for the remark, 
that in doing so I had overlooked the difference in the time unit, in which 


the two angular velocities in question were expressed. Compare A. D. FokkER, 
These Proc. Vol. XXIII. N®, 5, p. 729 (1920). 


N dihese’/Proc, Vol-XXL:pn, 533 (1918) 


. 
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vity, and these perturbations will be small quantities proportional 
to the mass M4 of the earth. From elassical mechanies we know 
already in first approximation the influence on the orbit: the sun is 
not at rest, but deseribes round the centre of gravity () of sun and 
earth an orbit similar to that of the earth, in such a way that its 
distance to (0 is always equal to the distance of the earth to O. 
Bi; 14 
multiplied by ar Assuming that the orbit of the earth is again a- 
Z 
cirele, we shall still have, that the produet of the square of the 
angular velocity ® and the cube of the distance earth-sun will have 


x B : [44 
a constant value, but this value will no longer be equal 027 butto 


Ak 4) 
2 1729 er 

dinates rotating with angular velocity _, with respect to which the 
centre of gravity of the earth is at rest, the field of gravitation will 
again be stationary in these rotating coordinates, (if we look apart 
from the motion of the sun and of the earth round their respective 
centres of gravity ')) but the distance from the earth to © corre- 
sponding to this angular velocity is no longer the same as when 
the mass of the earth was neglected, but smaller in the proportion) 


. If we again introduce a system of coor- 


(Gm . Thus we have to do with a displacement of the point, 

3M; 
where the centre of gravity of the earth may remain at rest, which 
is a consequence of the own field of gravitation of the eartlı, and 
which is proportional to the mass of the earth. According to the 
considerations on p. 1066 such a displacement was to be expected. 

We must further eonsider the possibility that the absolute value 
of the rotation-vector at the centre of the eartlı is no longer exactly 
equal to ®, but may, e.g. be written in the form & (i +4). 
where k is a numerical factor of the same order of magnitude as 
unity. Here it must be remembered, that when speaking of the 
rotation-vector at the centre of the earth, we mean the quantity, 
which according to the scheme indieated in the former $ (p. 1066) 


I) From some interesting considerations by EINSTEIN, Berliner Berichte 
1916 p. 695, it follows, that the field of gravitation in question may only be 
regarded as stationary to a certain degree of approximation, because we must 
expect that, analogous to what according to the classical theory of electrons 
would take place in a system of moving electrified particles, a system as that 
considered here will radiate energy in space in the form of socalled 
$ravitational waves. 
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may be caleulated by means of formula (5), if we so to say neglect 
the field of-gravitation, which is directly due to the earth, or, more 
exactly, if we replace the g,’s of the original stationary field of 
gravitation by the quantities 9, + A’, where the N’ „'’s represent 
the small terms proportional to M4, which are discussed on p. 1066. 
We shall now prove, that the just mentioned factor k is equal to 


[64 
zero, at any rate with neglect of small quantities of the order T 


This may most easily be proved by using the results of classical 
mechanies, which — with negleet of small quantities of the relative 


a . ” . . » E 
order of magnitude — — will coineide with the results of Einstein’s 


Ps 


theory of gravitation. In fact, it is well known, that according to 
elassical mechanies, the precession of the axis of rotation of the eartlı 
will entirely be due to the inhomogeinity of the Newtonian field of 
gravitation due to the sun at the place of the earth. In the mathematical 
expression for this precession there will therefore, whether we take tlıe 
mass of the earth into account or not, not occur terms independent of 
the constitution of the eartlı and of the kind discussed on p. 1070, 
terms, which only appear, when the modifieations in the phenomena 
of gravitalion required by Eısstein’s theory are taken into account. 
Hence we have the result, mentioned above that, with neglect of 


ER a et 
small quantities of the order 7 that is of the same order as the 
square of the velocity of the earth, the mentioned factor & will 
be zero. 

Consequently we find, that the influence of the earth’s own field 
of gravitation on the non-Newtonian contribution to the precession 
of the rotation-axis of the earth, considered in the present $, will 

; : d 
at most be a small quantity of the order w ie Se It is fur- 
. * Z 
thermore clear that, if the mass of the earth is not neglected, also 
the contribution to the value of the precession, which is due to 
the inhomogeinity of the sun’s field of gravitation at the place of 
the eartlı will be altered by small quantities, which relative to the 


Mı 


main term are of the order er and that this alteration will be 
2 


the same as that caleulated by means of Newtonian mechanies. 

In connection with this result it might be of interest to draw 
attention to the fact that we have made use of the eireumstance 
that for the system under consideration, which eonsisted of Bade 
moving under mutual gravitational influence, the results obtained 
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on Newton’s theory will differ from those obtained on Eınstrin’s 
theory only by small quantities of the same order as the square of 
the velocities of the bodies. This cireumstance is remarkable on 
account of the fact, that in Eınstein’s theory all gravitational influ- 
ence is propagated in space with the velocity of light, as it is 
e.g. indicated by the formulae (13), which have the form of retarded 
potentials. From this we might at first hand infer, that there might 
be discrepancies between the results of Eınstein’s and of Newron’s 
theories of the same order of magnitude as the first power of the 
velocity of the earth. A closer consideration, into which for the 
sake of brevity we will not enter here, shows however, that for the 
system under consideration small terms of this order will just com- 
pensate each other, a eircumstance which is completely analogous 
to similar well-known phenomena with which we meet in the 
theory of electrons, whose interaction may be calculated by ‚means 
of retarded potentials. 


Conclusions of this paragraph. 

It has been found that, in confirmation of an idea for the first 
time put forward by ScHoutEn, the gravitation theory of Einstein 
leads to the result, that theoretically there will exist a contribution 
to the value of the precession of the rotation axis.of the earth, 
which did not appear on Newron’s theory, and which is independ- 
ent of the constitution of the body of the earth, and which amounts. 
to a progressive precession of 0,019 arc seconds annually. In the 
caleulations, the influence of the mass of the earth was neglected; 
if it is taken into account, there may arise a modification in the 
value of the precession, which relative to the main term in the 
expression for this precession is of the same order of magnitude 
as the ratio of the mass of the earth to that of tbe sun. In the 
considerations no regard has been paid to the contribution to the. 
precession arising from the influence of the moon. 


Chemistry. — “Catalysis — Part XII. Some indueed reactions and 
their. mechanisn’. By Nın Ratan Duar. (Communicated by 


Prof. Ersst Conen). 
(Communicated at the meeting of January 29, 1921). 


When an aqueous solution of merceurie chloride is boiled. with 
oxalie acid, there is no reduction of the mercurie chloride to the 
merceurous stale, but as is well known this mixture of mereurie 
chloride and oxalie acid decomposes at the ordinary temperature in 
sunlight according to the equation, 


9HgCl, + H,C,O, = 2HgCl + 2HCI + 2C0,. 


The same change, however, takes place in the dark as the author 
has observed if a few drops of a deei-normal potassium permangan- 
ate are added to the mixture. As soon as the color of the per- 
manganate is discharged, mercurous chloride begins to separate out. 

This phenomeuon appears to be of general occurrence. Thus the 
reduetion of mercuric chloride and bromide by oxalie acid, tartarie 
acid, eitrie acid, malonie acid, malie acid, glycollie acid, cane sugar, 
glycerine, lactie acid, hydroxylamine hydrochloride, hydrazinehydro- 
chloride ete., the reduction of gold chloride by several reducing 
agents, the reduction of silver nitrate, euprie chloride and selenious 
acid (to selenium) by various organie acids, eane sugar ete. are 
promoted by the addition of such oxidising agents as potassium 
permanganate, potassium persulphate, manganese dioxide, potassium 
nitrite, hydrogen peroxide, cerie salts ete. 

It is a remarkable fact that this effect is particularly noticeable 
in those reactions which are sensitive to light. | 

In all these instances, chemical changes are taking place in a 
homogeneous system. I have also investigated several cases ofinduced 
reactions taking place in heterogeneous systems, and I have made 
a special study of oxidations effected by oxygen of the air. The 
following are some of the experimental results obtained: 


Primary change | Induced change 
me a STE BEE EN RER BESSERES 
Sodium sulphite --- oxygen Sodium arsenite -- oxygen 
Sodium sulphite + oxygen Sodium nitrite + oxygen 
Sodium sulphite + oxygen Sodium oxalate 4 oxygen 
Sodium sulphite +. oxygen Sodium formate + oxygen 
Sodium sulphite 4 oxygen Ferrous ammonium sulphate + O; 
Sulphurous acid + oxygen Ferrous ammonium sulphate + O; 
Stannous chloride + oxygen Ferrous ammonium sulphate + O3 
Manganous hydroxide -+ oxygen Sodium arsenite + oxygen 
Cobaltous hydroxide 4 oxygen Sodium arsenite + oxygen 
Acetaldehyde + oxygen Sodium arsenite + oxygen 
Formaldehyde 4 oxygen Sodium arsenite 4 oxygen 
Benzaldehyde + oxygen Sodium arsenite 4 oxygen 


Ferrous ammonium sulphate + oxygen | Sodium oxalate + oxygen 
Ferrous ammonium sulphate + oxygen | Sodium tartarate -+ oxygen 
Ferrous ammonium sulphate 4 oxygen | Sodium citrate + oxygen 
Ferrous hydroxyde + oxygen Sodium arsenite + oxygen 
Ammoniacal cuprous hydroxide + oxygen Sodium arsenite + oxygen. 


In all these cases at first the primary change, that is, the oxidation 
of the easily oxidisable substance takes place and this primary 
change induces or promotes the secondary or the induced change 
that is, the oxidation of the diffieultly oxidisable substance. In other 
words, the potential chemical change between oxygen and sodium 
arsenite is activated by the previous oxidation of sodium sulphite. 
The oxygen divides itself, as it were, between the two reducing 
agents and the proportion in which it divides itself between the 
two reducing agents is the next point of interest. 

lt is well known that a solution of sodium arsenite is not oxidised 
by atmospherie oxygen under ordinary conditions. On the other hand 
a solution of sodium sulphite is readily oxidised to sodium sulphate. 
Now if we mix the two together both the oxidations take place 
simultaneously. At the same time a curious phenomenon takes place. 
The veloeity of the oxidation of sodium sulphite becomes very small 
in presence of sodium arsenite, that is, sodium arsenite which is 
undergoing a slow oxidation acts as a powerful negative catalyst in 
the oxidation of sodium sulphite. Similarly a solution of an oxalate 
which also undergoes slow oxidation in presence of sodium sulphite 
which itself is being oxidised, decreases to a marked extent the 
oxidation of sodium sulphite by atmospherie oxygen. It appears, 
probable, therefore that the phenomenon of negative catalysis is 
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possible only when the catalyst is liable to be oxidised. These CALBS 
are of great importance in connection with the controversial question 
of negative catalysis. 

In a previous paper (Jour. Chem. Soc. 1917, 111, 707) I have 
shown that manganous salts act as a powerful negative catalyst in 
the oxidations of formie and phosphorous acids by ehromie acid and 
manganous salts can easily pass into the manganic state. Moreover 
it has been shown by myself as well as other investigators that 
various organic substances notably hydroquinone, brucine etc. act 
as negative catalysts in the oxidalion of sodium sulphite by oxygen 
and all these organie substances are themselves readily oxidised. It 
is well known that the oxidation of phosphorus by oxygen of {he 
air is retarded by the vapours of various organic substances e.g. 
ether, alcohol, turpentine ete. and the oxidation of chloroform is 
retarded by the presence of a small quantity of alcohol. Now ali 
these negative catalysts are good reducing agents and are themselves 
readily oxidised.: Hence in oxidation reactions the phenomenon of 
negative catalysis takes place when tle catalyst itself is liable to 
-be readily oxidised. 

A study of the slower oxidations that take place at ordinary 
temperatures has not only shown that the process of oxidation is 
complicated by tle presence of water, but the question has been 
raised that just so much oxygen takes part in the induced reaction 
as combines with the substance undergoing oxidation. 

SCHÖNBEIN (Jour. prakt. Chem. 1858, 75, 99; 1864, 93, 25; 105, 
226, 1868) first noticed that when certain substances are undergoing 
oxidalion spontaneously by atmospherie oxygen, one part of the 
oxygen combines directly with tlie substance undergoing oxidation 
whilst another part of it is converted into ozone, hydrogen peroxide 
or simultaneously oxidises some other substance. ScHönBEın (loc. cit.) 
sti!! further demonstrated that just so much oxygen is rendered 
active as is consumed by the substance which is being oxidised or 
in all slow oxidations the same amount of oxygen is required as is 
consumed in the formation of hydrogen peroxide from water or is 
consumed in the induced oxidation. 

Later investigators like Jorıssen (Zeit. phys. Chem. 1897 28, 667) 
EnsLer and Wırn (Ber. 33, 1109, 1000) have verified the law of 
SCHÖNBEIN in several cases. If we expose a mixlure of.sodium sulphite 
and sodium arsenite to atmospherie oxygen according to SCHÖNBEIN 
oe. eit.) one atom of oxygen should go to oxidise sodiumn sulphite, 
while the other atom would oxidise a molecule of sodium arsenite 
in the same time. The oxidation of sodium arsenite is a very slow 


1077 


chemical change and in order that Scnönsrin’s law be applicable, it 
follows immediately that the oxidation of sodium sulphite, which is 
fairly rapid, becomes a slow change and the veloeity of this oxida- 
tion becomes equal to that of the oxidation of sodium arsenite, 
because the same amount of oxygen will be taken up by the reducing 
agents in the same time. As a matter of fact from my experiments‘ 
I bave observed that in presence of sodium arsenite or potassium 
oxalate the velocity of the oxidation of sodium sulphite becomes 
very small. We assume that a molecule of oxygen splits up in this 
reaction into two atoms and each atom oxidises one ofthe redueing 
agents. Now as a solution of sodium sulphite is much more readily 
oxidised than a solution of sodium arsenite it becomes diffieult to 
understand why the other oxygen atom instead of attacking the 
readily oxidisable nnacted sodium sulphite attacks the much more 
diffieultly oxidisable sodium arsenite. Or if we assume that at first 
a peroxide of the type of Boptänper’s benzoyl peroxide (Ahrens’ 
Sam. 3, 470 1899) is formed as a combination of the sodium sulphite 
with a molecule of oxygen, we are still encountered with the same 
ditfieulty. In this case we shall have to assume that this peroxide 
instead of attacking the readily oxidisable and unattacked sodium 
sulphite, will attack the less readily oxidisable sodium arsenite by 
preference. It seems to me therefore that the only course left to us 
is to find out the explanation in the view of the formation of a 
complex of sulphite and arsenite or of sulphite and oxalate and that 
this complex is oxidised as a whole. It is well known that complex 
oxalates and sulphites do exist. OstwaLp thinks that in order to 
explain positive catalysis by the hypothesis of intermediate compound 
formation it is necessary to show that the intermediate reactions 
actually take place more readily than the direct reaction under the 
given conditions, because if a reaction goes more slowly via the 
intermediate product than the direet path, it will take the latter 
and the possibility of intermediate products can have no influence 
on the process. “Hence”, adds Osrtwann, “I see no possibility of 
explaining retarding catalytic influences by the intermediate products” 
(Nature, 1902, 65 522). 

I have observed in a previous paper (Proc. Akad. Wet. Amsterdam 
1920) that in the oxidation of sulphites and sulphurous acid the 
sulphite ion is the active agent. If we can decrease the sulphite ion 
we can decrease the chemical change, and a solution of sulphurous 
acid which is a weak acid containing few sulphite ions is oxidised 
less readily than a solution of sodium sulphite of the same concen- 
ration. On the addition of an arsenite to a sulphite a complex which 
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itself is oxidised as a whole is formed. At the same time the velo- 
eity of the oxidation of the sulphite becomes less due to the decrease 
in the coneentration of the sulphite ions, arising out of the formation 
of a complex of sulphite and arsenite or of sulphite and oxalate. 
Here it seems to me that the only plausible explanation of this 
negative catalysis stands on the hypothesis of the formation of an 
intermediate complex compound. 

On investigating these various cases of induced reactions I was 
naturally led to the .more general conelusion that one chemical 
change should induce another chemical change of the same type 
and I tried to verify this conelusion. I found that the reduction of 
mereurie chloride by such different reducing agents as formie acid, 
sulphurous acid, phosphorous acid etc. induce in all cases the 
reduction of the same substance (e.g. mercurie chloride) by sodium 
arsenite. I also investigated other changes, as for instance, the de- 
composition of unstable substances. It is well known that ammonium 
dichromate decomposes readily into nitrogen, water and chromium 
oxide. Also tlıe decomposition temperature of potassium persulphate 
is lower than that of potassium, chlorate, and I have found that in 
presence, of decomposing ammonium diehromate or persulphate the 
decomposition temperature. of potassium chlorate is appreciably 
lowered. In this connection it will be of interest to investigate 
whether the presence of an easily decomposable explosive will lower 
down the decomposition temperature of a diffieultiy decomposable 
explosive, and this investigation will throw light on the stability of 
mixed. explosives. As far as my experiments go I am inclined to 
the view. that one chemical change will either promote or induce 
another chemical change of the same nature. 

A solution of ferrous ammonium sulphate is very slowly oxidised 
by atmospheric oxygen. If an oxalate is added to this solution the 
rate .of oxidation is greatly increased, and the ferrous iron readily 
passes into the ferric state in presence of atmospherie oxygen, and 
the oxalate is also slowly oxidised. The same sort of behaviour is 
noticeable if we add a tartrate or a citrate instead of an oxalate 
to a ferrous salt solution. The potential redueing activity. of iron is 
increased by the addition of an oxalate or a tartrate. Hence soluti- 
ons of ammoniuu ferro-oxalate, or ferro-citrate or ferro-tartrate are 
better. redueing agents than ferrous ammonium sulphate and are 
largely used as developers in photography. 

Now. there is no chemical change between potassium oxalate and 
mercuric chloride in the dark at the ordinary temperature, though 
the following chemical change takes place in light 
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K,C,0, + HgCl, =2HgCl + 2KCI + 2C0,, 

If to this mixture of oxalate and mercuric chloride one adds a 
ferrous salt, one gets a slight preeipitate of ferrous oxalate and at 
the same time mereurous chloride is formed. A solution of ferrous salt 
cannot reduce mercurie chloride at the ordinary-temperature, but in 
presence of an oxalate it becomes a better redueing agent, and reduces 
mercuric chloride to the mercurous state, and at the same time the 
potential redueing power of an oxalate is activated in bringing forth 
the reduction of mercurie chloride to the mereurous state. Evidently 
the reducing power of the ferrous salt as also that of the oxalate 
is activated by their mutual presence. Tartrates and citrates behave 
in a similar manner in presence of ferrous salts. 

WiınTtHer (Zeit. wiss. Phot. 1909, 7, 409) has brought forward 
argument to show that the light sensitiveness of a mixture of an 
oxalate and mercurie chloride is due to {he presence of iron and 
the investigator suggests that the purest mixtures of an oxalate and 
mercuric chloride so far prepared have contained iron. In absence 
of iron the mixture is not sensilive to visible rays. It seems to me 
ihat the real function of iron, if it is present, is not that of a 
photoferment or photocatalyst, as suggested by WıntHEr, but that 
of an inductor. The ferrous salt in presence of an oxalate reduces 
the mercuric chloride to the mercurous state and at the same time 
activates the potential reducing power of the oxalate in inducing 
the reduction of wercurie chloride to the mercurous state. This 
induced reaction takes place also in the dark. Evidently the WınTaEr 
hypothesis seems to be doubtful. 
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